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PRlilFACE TO THE FIRST EDITION 


Statistics was once known as the Science of Kings, but now it 
has gained ground in almost every branch of human knowledge. 

, For, the superstructure of human activity rests ultimately, if not 
primarily, upon a foundation of quantitative facts — facts, whose 
inherent complexity and confusion can be simplified and analyzed 
and which can be interpreted only with a knowledge of statistical 
methods. In tliis Age of Statistics, therefore, the importance of 
the study of tlie Science of Statistics cannot be over-emphasized> 
particularly for India whose development, in many spheres, is yet 
in its infancy. Indeed, the importance is being recognized, and 
the Indian universities have taken the lead in tlie matter, Naturallv, 
the nccessitj'’ of a suitable text-book on the subject for Indian 
''tudents is more than made out. 

This book is an attempt to funiish a simple, but comprehen- 
sive, text for those who desire to equip themselves with a knowledge 
of the elemeirtaiy statistical methods to enable themselves to 
handle statistical problems like skilled worlcmen. It is, of course, 
primariE intended for tlie benefit of those interested in Economics, 
Commerce, Sociology or Administration, but the general principles 
It comprises of will be suited equaU3>^ well to every other varieQ'^ 
of statistical data. 

In a book such as this, the use of the viewpoints and materials 
of other works of the parallel and higher standards is unavoidable. 
And, indeed, such works have been our valuable guide. But we 
have made every effort to so synthesize all these materials as to 
bring about unity and harmony. The treatment is non-mathema- 
tical, diiefly because a majority of those for whom this book is 
primarily meant are not expert mathematicians, and also because 



wc feci there is a necessity of fnndunental exposition of the non 
matherutical, nonetheless vital, yifOctsses in\o’ved m statistical 
inquiries, analysts and intcrprctal«)n. Naturally therefore, a 
fuller discussion of topics like Probability, Sampling, Regrrs* 
Sion, etc., which require rmihematieal treatment, could not be 
included. Once the readers have overcome their feeling rf un 
familianiy and grasped the basic principles, it will be easy for 
them to pidi up the higher and more iruiihematical statistics The 
discussion on Statistical Material in India and on Indan Index 
Numbers docs not pretend to be ochaustive, but is designed to make 
the Indian student look around hiin- Special care has been taken 
to select exerases for each chapter suii^ to ihe M Com., MjV, 
and 0 Com, standards of different uniiersities of India. 

Our (hanks are due to Mr Sham Bahadur Kodasi, M A 
B Com., who helped us tn correcting the proofs. We sluJI be 
thardkful for any suggestion to increase the u^eiufoess of th, buck 
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PREFACE TO THE SECOND EDITION 


" It has been an unexpected gratification to find that the res- 
ponse from several of the Universities and Colleges in India and 
other quarters to the first edition of tliis work was so hearty as 
to require a second edition of it in less than twelve months from 
publication. The fulfilment of this requirement has been delayed, 
among other reasons, by the scarcity of paper — ^so characteristic 
■)£ the War-time conditions. 

Opportunif)' has been taken of this new edition to make some 
additions, recast certain paragraphs and correct sucli errors as were 
noted in the first edition. The main additions are Indian Indus- 
trial Statistics, India’s National Income, Method of Least-squares, 
Seasonal Variation Index, and Lag. The minor changes resulting 
from recasting the matter are too numerous to be detailed and run 
almost throughout the book. The intention in making them 
has been to treat the more difficult parts of the subject in greater 
detail than was done in the former work. The variety of illus- 
trations and examples has been increased to render the technical 
portions capable of being more sound’y grasped. A notable 
feature of this edition is the inclusion of a number of questions 
from the latest examination papers not only of the universities 
which were represented in the first edition but also of several 
others. In short, the changes incorporated are the most necessary 
part of those that the experience of us in teaching the subject to 
the under-graduate and post-graduate students at the University 
dictated, and it is hoped that the utility of these changes will be 
judged and appreciated by the reader as he goes through the 
work. It must be added that every care has been taken to retain 
the same design and purpose of this edition as were claimed for its 
predecessor. 
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STATISTICS: THEORY AND PRACTICE 


CHAPTER I 

GROWTH OF THE SCIENCE OF STATISTICS 

The word ‘Statistics’ seems to have been derived from the 
Hatin Status, or, the Italian Statista, both meaning a political state. 
In fact, the study of statistics had its origin in tlie compilation of 
facts and figures for purposes of administration of state. In this 
sense, the subject must have been in existence from very early 
times. In the days of 3'ore the ruling cliiefs used to take, as 
often as necessary, censuses of population and property within 
their domain to determine their man-power and material strength, 
and thereby planned their fiscal and military policies. Collec- 
tion of data for other purposes, however, was not ruled out. 
Perhaps one of the earliest enumerations made was regarding 
the population and riches of Eg^'pt, taken about 3050 B.C., to 
plan the erection of Pyramids. But the most common compila- 
tions during the Middle Ages were concerned with taxation, . 
distribution of land and available soldiers. In India, adminis- 
trative statistics were highly organized nearly two thousand 
years ago. Inscriptions and technical treatises abound in refer- 
ences to various kinds of statistics for the classic period of Sans- 
krit culture. A systent of registration of births and deaths was 
enforced in Maurj'a India, Avhile Am-i-Akbari — a. great admi- 
nistrative and statistical sun^ey of India — was compiled during 
the reign of Emperor Akbar. Past history of other countries 
also bears witness to the fact that statistics was originally con- 
cerned with matters of state and was regarded as the Science of 
Statecraft. 
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BlcroantiUstic Fenod 

rhmng t! c \Iir aunUstc p<nod Uw |X tides oi itic \\fstfm 
rurofxan RO\rrnnetits wtfr <1 ft-ctfd 10 the dual purjxKf o£ 
wj:aucisi”S stxh in In tne* as tnhancrti tht power of tl e slat-*, 
and of si-curing a favourable Inlance o 1 tralf *TV»iS TitCTV>Aa\tA 
legislation for victa! -cunonne and I'Olitii.al rrfonrtj which 10 
lx. eficctve dol iUxjvwi catted for mori: cotnprclKnrue staiistics 
than were con li ind suiVicnJ during the Mid JJc ^ges Tht bull', 
of Slat' t 1 HI j hiwn' cuiiMOtu ntW mcri-a'ctJ 

iClh Ccnlurj 

The ancient ailronomers ciimnlwted muih lo the frrpnp 
1 oa of the *tud;r of Stajjsucs. T) cv temp Icil fpfnrds o/ ih- 
motions of heavenlv bmlics ami pird cted alxnit «lip«es anf 
posiuons of stars Upon a siu.lj oi ihe daia collected bv Tjfho 
Krahe (J546*t0oi) johaones KtfJer dKovereil jhe Jhrec Iatt» 
rcJaiing to the mouon of pbnets on which the theor) of gravila 
tiOn was founded b> Sir Isaac \ewi(m ^\hcw the uUli> of 
stabstcal method for auaming ihr knowledge of nature was 
demonstrated enthusiosij m poliiicail ««cial an 1 economic f5fJd> 
beg^n resorting to a snniUr appronch Naiurallv ihercfcvrc more 
ard more data amc to be cottecieel 

nth Cenhiry 

The seventeenth cwjtun opened wnh a new use for some 
of the compiled figures its a siod} of \ttal and vjcial «tatistic3 
In i6ia Professor George Obrecht, of Strasburg Iniverst) 
illustrated how aataJ and enm ml statistics could ^ util red for 
devising plans to prcNwIc a sjxtetn of life m'urance and petaiors 
and to reform the cnininal* Captain Jolm Gfauot of London 
(1620-1674) madeananal)lKaTstodi in the realm of artal statistics 
m 1661 Casper Neumann studied the desdi records of Breslau 
in 1691 and prepared his notes and concJuston« which fell mtj. 
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the h,^nds of Ednimid Halley, the famous astronomer and scientisl. 
through the Royal Society of I^ondon. Halley computed froiiT 
them a complete life table, deduced the expectation of life at each’ 
age and paver! the way for a scientific system of life insurance. 
Sir William Petty (i6’3'i6S7) ; also drew up and discussed moi- 
lality tables. Indeeti, the first life insurance institution was 
founded in London in 1698. 


18th Centurj’ — Statistics and Slathematics. 

As the statistical data grew in abundance and many new fields 
were opened up for investigation, need was soon felt for improv- 
ing upon the then crude and cumbersome methods of anah’sing- 
and interpreting the figures. The labours of Petty and Halley 
had prepared the ground for a more scientific treatment of the 
statistical methods in the eighteenth century, which they received 
particularly at the hands of J. P. Sussmilch (1707-1767), a Prus- 
sian elergj'man, who tried to demonstrate the doctrine of ‘Natural 
Order’ statistically in an important publication. Others devised 
statistical tables and gcoinelric figures for purposes of comparison 
of data. But modern theory of statistics was, thus far, conspi- 
cuous by its absence. John Graunl, Petty and Siissniilch conducted 
their studies during the seventeenth and eighteenth centuries under 
the name of political arithmetic whidi functioned as eyes and 
cars of central government. 

In tlie eighteenth century, howeven an alliance was effected 
between statistics and mathematics, and foundations of the theory 
of probability were laid, when J. Bernoulli (1654-1705), a profes- 
sor of Basel, mathematically elucidated the ‘law of large numbers* 
in his work Ars Conjcciandi, published posthumously, and' 
Daniel Bernoulli (1700-1782) suggested the theorj" of ‘moralt 
e.xpectation’. The .subject of probability, it may be interesting* 
to note, grew out of an analysis of hazards of those who played' 
games of chance. Laplace, the noted scientist, who followed up> 
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physical cliaracteristics from one generation to another. His 
enquiry helped his great successor, Karl Pearson (1857-1936), to 
produce his notable work on biometrj'- and to emphasize 
the indispensabilit)' of statistics for the evolutionist, as in hjs 
opinion the whole problem of evolution was a problem of 
statistics. 

Statistics appeared rather late in the field of the science 
of economics, though a beginning was made by Sir William 
Petty in his work, Polkical Arithmetic, published in 1690, as 
also by Gregory King, who, about the same time, attempted , 
to statistically demonstrate a relationship between supply of 
commodities and prices. By the eighteenth century \aluable 
statistical material relating to population, occupations, taxes, 
agriculture, industr)”-, trade, shipping etc., had been collected 
in most civilized countries; but there was no liasion whatsoever 
between statistical information and economic theory. Political 
economy w'as brought up in the Classical Schoo’, founded by 
Adam Smith, through his great w'ork JVcalth of Nations, pub- 
lished in 1776. Classical economists were staunch' believers in 
the deductive and abstract method of reasoning, their lip-sym- 
pathy such as that held by J. S. Mill (1S06-1873) to the advantages 
of statistical verification of deductive laws notwithstanding. W. 
S. Je\ons (1835-1882), in his Theory of Political Economy pub- 
lished in 1871, also adi?ocated verification of tlie deductive 
science of economics by the inductive science of statistics, and 
opined that political economy could be developed into an exact 
science if only commercial statistics were more complete and 
precise. Although Couniot (1801-1877), a renowned mathema- 
tical economist and writer on probability, did statistics a signal 
sen'ice b)' hinting at the application of the calculus of lariations 
and making a first casual suggestion regarding the distinction 
between secular trend and periodic fluctuations, yet, it was W. S. 
Je\ons w'ho segregated seasonal movements, secular trends, and 
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tion of statistics is “first, to suggest empirical laws, which may or 
may not be capable of subsequent deductive explanation; and 
secondly, to supplement deductive reasoning by checking its results 
and submitting them to the test of experience.”^ It .is now widely 
held that induction without deduction is barren, deduction without 
induction sterile. 

Since the last decade of the last century two important 
factors have brought about a fundamental change in the place 
of statistics in economics. Since eighteen-eightees pure tlieory 
of statistics has made a remarkable improvement. Eminent 
men like August Meitzen, Francis Edgeworth, Francis Galton, 
Karl Pearson, G. Udn}’^ Yule, C. B. Davenport, W. S. Gossett, 
A. L. Bowley, Adams, W. Pearsons, W. I. King and R, A. Fisher 
have done a great deal in advaaicing the theory far beyond its 
former limits. The dev^elopment of statistical methods — of 
probability, sampling, curve-fitting, correlation, periodicity, 
and index-numbers — closely coincided with the enlargement of 
figurative data made possible by the establishment of statistical 
bureaus and scientific recording of population censuses in different 
countries of the world. These improvements in statistical material 
about the close of the nineteenth century mark the real inception 
of statistics in economics. 

Thus there has grown up a kin-ship among mathematics, 
economics and statistics. The modern science of statistics is 
no longer synonymous with ‘political arithmetic’. It has ex- 
tended its scope to varied departments of human knowledge. 
It is concerned not merely with matters of state but also with 
the physical, biological, anthropological, meteorological, social, 
economic and other phenomena. Its methods are applied wherever 
a study of large numbers is involved. 


= 2nd edition, pag’e 338. 
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(j) Trace ihe grcpMh of So«icc of SutiMics anJ thren*- 
lighl on Its fulutc 

(a) >Jathemat»c$ pla\t\l m the pnM. M it does eveO 
today, a Stiiislical Thoon. and there could be no 

theory nithoui rt. Un ihal theory is oo more a hrandt t>\ trathe- 
rnafics than is say engineering or astronomy — Discuss 

”^( 2 ) Explain the rehiionship between Tconomics and 
Statistics How far has die ii«c of stilisttcal methods In 
nomius led to its detelopmeni^ 

(M \ , Agra, 


(41 Statistics was bom m the needs o! state admintslraUotti 
Inn IS no longer eoncemed '\ith inaUers of stale— -In the hght of 
this statement, show ho^v and what iransformatiDii has taken 
place tn the meanmB of Statistics 


(5) Show the relationship between Suitstics and Malhc- 
matics, and Statistics and Natural Scieitctrs 

(6) ‘Slati*ticj are the straw out of which I, like ettry other 
tconomtst, have to make bndcs.’ (MorrhaJl) 

ExpUin in the light of the aba\c observation, the relation 
between iconomics and SUimics. and di<cuss how far it is correct 
to say that the Science of Economics ts bwmwwg %tau«,cat sn 
Its method 

/ Com , Alld , 1944) 

(?) mn. jra 00 mnsure „|W,I 
.na eipntsi il m numbers, ><«, Wv someth, ns about ■' hoi 
Avhen you cannot measure H, when you cannot express it in 
numbers, your Imowlcdge is of a meagTc and unsatisfactory 
kind.’ 

{Lord Ke^VfH) 
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To what extent does Lord Kelvin’s obserifation appl}' to 
economics ? 

(]\I.A., Agra, 1944). 



CHArTER n 

1)1 I tMTION OI STATISTICS 

Stati'>tlcs* arc numerical stafcirenfs of facts In nnt 
department of Inquiry* placed In relation to each other'* 

I ti'il iitiarincitftl fpgurt^ art- not snustiC' so jS, 67, or 15, 
3 iiari undoiibtitll) qinntnalu« figures but not Statistics To-, 
mitlii *io thr\ conctni n sphere of inqum nor arc the\ placed 
u\ rvUunn to csdt olhsr Rut when «c arc toM that for hiis 
1 n<l n 1 cirtain co(nmuiMt> at ages 20 38 67 jears and so 
ui iht t-orrespoiiclmg ages of woes ire ij 3- 55 '^nrs and so 
on lhf*e figures at once bs\ome statistics Tor now the) thowt 
light on the riUtionditp Utween llic ages of husbands and wito* 
in Uu gi'en communiij 
Characteristics of Statbtlcn 
> Several facts emerge from the abene 

Ttrstly sUttstlcs must be tjusintttaU\tJf expressed 
Qualitatnc expri^sicins like >oung midllesged and old haw 
beeu uidioted bj niimcncil expressions like so 38 and 67 or 15. 
3 Slid in the alwse example Crops o\tf a senes of )ear« 
evt ri-ssed m mawnds per acre are staiistic$ but expressed bj such 
terms as good lair nonml • r poor are not 

Sctondly statistics are always aggregates. A single age 
ol -o or 38 years »=. not suiistics a senes of ages arc A single 
birth a sale or a cons.gomcm does not form statistics \et a 
nil -nber of births sales consignmeois are star, sues since ihe> car 
be studied in relation lo time pltce iiid frcqucnct of occurrence. 


* The lenn slat 
t« subject n altei 
rr •» pinral, noun 
Boerley V U 


tttet ot g|8ti«l c» n* wcH as 
IS Deed as aiocuUr m ths 


a Ft/mfmtorf Vmret «f Vati4 


to 
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Thirdly, statistics should relate to a department of 
inquiry. That] is, the sphere on which they are to throw light 
must be definite and clear. Their purpose and object must bo 
pre-determined. The purpose of a series of ages of husbands and 
wives in our example may be to find whether young husbands ha\ e 
young wives and the old,- old. 

Fourthl}'. statistics must be capable of being placed in 
relation to each other. That is, the)”^ should be comparable. To 
be so they should be homogeneous ; they cannot be stray numerical 
facts, unrelated data, culled from indiscriminate sources having no 
common basis for selection. Ages of husbands are to be compared 
onlj" with the corresponding ages of wives in our example. 

But these are not the only cliaracteristics which statistics 
possess. It should be added that statistics are affected to a 
marked extent by multitude of causes. They are hardly 
ever traceable to a single cause. They are relhted to other facts. 
The stature of a man, c.g , is casually connected with his race, 
ancestry, diet, agC) occupation, climate and habit. 

It may be further added that reasonable standards of 
accuracy must be observed in the enumeration or estimation 
of statistics, if logical conclusions are to be based on them. Of 
course, the reasonableness of the standards will be detennined by 
the purpose which statistics are to serve. If precise results arc 
desired, statistics must be accurately compiled; but if only general 
impressions are looked for, even appreciable error may not matter. 

A definition, comprehensive enough to include the above 
characteristics of statistical data, is given by Secristv \\ ho uses tlie 
term statistics as meaning “aggregates of facts, ‘affected to a 
marked extent by a multiplicity of causes,’ numerically 
expressed, enumerated or estimated according to reasonable 
standards of accuracy, collecftd in a systematic manner 
for a pre-determined purpose, and placed in relation to each 
othei'.” 


’ Secrist, H, An Inirodvction 1o Statistical M'^ihods, 193o ed., p.igf" 10. 



sSo <;rATisrTc*> tiimry avd jRAcrtcc 

a mafiniu! ihii it wiU swell up iJic {rinewl mde^ tif Indja 
liismcss actiMtj sirj high 

I \tn thi statistics ot industrial proiJuction arc not 
suftcicnt m Inti a In spile of |hi» Cafilal the wdll't'on'n 
wctklj journal of Calcutta Ins been joblislimg e\en non* 

»n In lex of Imlnn Jndusinat Activitj sinic March 193 ^ 

Capital ' Index of Indian Indnstrlal Actlaitj —This 
m 1 X IS pubhsl rd nwmhl) and 193S ts -^taken a« the f 
jear The scrus stitxtcl and the tveights assigned tw nch item 
for computing this index arc — 

iiwj Seltct d 

Industrial Production— 

1 Cotton Manufacluris 

2 Jute Manufactures 

3 Steel Ingots 

4 Pig Iron 

t Cement 
Paper 

M ncral Produetion— Coal 
Rad & Riser borne Trade 
Financial Stai sties— Cheque Clearances 
Trade Poreign & Coastal — 
txports 
Imports 

Shipping Toregn & Coastal- 
Tonnage entered 
Tonnage cleared 

Since March X94t Trade Foreign atil Loastil ano 
Sh pping Foreign and Coastal haie been kft out Instead 
Notes m Circulation (base Apnl 193^ to March 1936) 
with weight 6 and Consumption of Electricity w th weight J 
have been included The weighted geonetnc mean forms the 
general index an 1 seasonal fluctuations are eliminated b> 
means of a iwehe months mo\ing average Index for 






cement appeared up to 1937-38 and has since been dis- 
continued with the remark ‘figures not arailable’. A specimen 
of the construction of this index is given in table 17, Chapter 
X, page 161. 

Statistics for the above series are taken from the monthly 
publications of the Department of Commercial Intelligence 
and Statistics and from Statistical Summary of the 'Reserve 
Bank of India. This index does not afford an idea of the 
activities of people living in rural areas. And, even so far 
as urban people are concerned it is not fully representative. It 
does not include the production of sugar, tea, hides and skins 
which are quite important in the Indian industrial structure 
to-day. However, in the absence of complete and adequate 
statistical data no better index could be compiled.® 

BREtlSH INDEX NUMBERS 

"Wholesale Price Index Numbers. 

Three important -wholesale price index numbers that are com- 
piled and maintained in Great Britain are; — 

(1) Board of Trade Index Number. 

(2) Economist Index Number. 

(3) Statist Index Number. 

Board of Trade Index Number, — The present series 
relating to this index begins with January- 1935 and replaces an 
older series dating from 1920, which had replaced a still older 
series designed before the last Great War. The total number of 


* In addition to tho index numbors discussed above indicc‘i of Plij-sical 
Volume of Production, of prices of Securities, and 0*1 Values of India’s 
Exports and Imports are published in the Mantlihj Si'rvey of Business 
Conditions in India. A new Pood Index, with the week ending August 25, 
1940, as the base lias also been.' started siuce Eobruary, 1944. Tho Capital 
also compiles and publishes a monthly Stocks and Shares index. 
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btaii^ncs as Chssififtl facts rfspefling the condition of the people 
m a <ute especially tho^e facts winch cm bt in 

itui il« rs or in tables of numbers or to anv tabular or classified 
irriiigt ment * This definition howeter, relates to the use Of 
th tinii siitisiics in the <ense of stiti-.ticnl data rather than m 
111 it of the science and even so is much m keeping w ith the original 
tin iiiing of the term It) its moilem seflsc the term is not confined 
t 111 ioiulition of the people in a state’ but has stritcheil itself 
1 ) almost everv pheiK»ntnoo — biological astronomical, social, 
ineteorolcgicil— where a stud) of large numbers is invoKed 
\Vebs1cr > definn in is therefore ifiadoejitate 

\ii.t>r<ling to Bowie), Statistics is the science of the measure- 
meat of jovial organism re^nled as a whole, in all its nvmifesta 
tioiM ‘ This definiiton according to its author, concerns the 
student f f sociologv political <conom> or demography But when 
11 c luthor recognut that Staii»lics is not mere!) a licanch of 
poltical economy nor is it confinsxl to anv oni Siience’, its defi 
nition should not have been «o drawn ttp as to limit its opcniions 
to only one field — xi# that of man and bis octiviius T^is defi 
imion is therefore, not sufficientl) inclusive 

DowUy further oixerves Statistics may nghtJy be called the 
vienc of averages '* No doubt averages present a bird s-cve viiw 
of 3 mass of unintelligible data Iwt there art other equally sen ice- 
xble devices such as graphs, piclc^rams, correlation tables and 
ro-efficients which modem statistics ulilues to comprehend tht 
significance of the complex quantWaUve data Therefore while 
this definrtion docs not coniine the sccqie of the science to a parti 
cuhr phenomenon it is still inadequate in so far as it stresscb 
only one of the several statistical methods 


! ^*“8 *- sttmemtt of Sfaiwt foJ areHoJj par- SO 

• BowUy. A T,. of psg, 7 

• /ixi. pRjte 1 *’ 

• /W I«ca 7 
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Suggesting a possible definition Bowley says that statistics 
may be called “the science, of counting.”' Analysing this definition 
he observes that while dealing with large numbers, such as a 
population census, counting is neither easy nor within the reach 
of an individual. Great numbers, instead of being counted, are 
estimated. lEven estimation requires the co-operation of a group 
of people, since the numbers with which statistics concerns are 
very large. But because of var3'ing degrees of intelligence and 
sense of accurac}”^ among a group of workers, and also because 
of the difficulty of so clearly defining the object to be counted 
that every worker shall understand the same thing b>f the same 
definition, the estimates are not mathematically exact. Bowie;/ 
then concludes that ‘though all estimates of this nature are some- 
times included under the term Staiisiics, this definition at onte 
is too wide, and also does not bring out the distinctive nature 
of statistical method.’® Obviously, this definition suffers from 
the dual defect of emphasizing the method of counting used’ in 
arithmetic rather than that of estimation on which statistics so 
much relies, and of taking into account only the collection of data, 
leaving the analysis of the collected data quite out of consideratioi’. 
Therefore, this definition is also far too re.strictcd, though it does 
not bind down the scope of statistics to a particular field of 
enquiry. 

Boddington denominates statistics as a ‘science of estimate? 
and probabilities’.' This is vague and indicates a narrow point 
of view. Estimate^ and probabilities arc only a part and not the 
whole of statistics. 

King defines statistics thus: ‘The science of statistics is the 
method of judging collective nature or social phenomena from 
tlic results obtained Iw the analysis of an enumeration or collectio.i 
of egtimates’.’® The author himself regards it as possible that 


' A. L., op. Cl/., page 3, 

* Bo«ley, A, L., op. rit., pag<> 4 . 

' Boddington, A. L'., SlotuttxV and tlicir .Appllcofion to Commfrcc. 
page r. 
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siatist) al problems sucJi as \>outd fall c?tit«idc the limits of this 
<l(finiii>n niight b<* imagined but nuititaiiis that it is cufficientle 
briM ! Jnr pravttcal purposes 

III order lliat the tUrmitiOn of the science of statistics mas 
suit Its modern ««ise it -^loutd be so framed as to include all 
tint ngh'li Its md to tTihide what ts extraneous to it Enough 
hs' already been said of what <ilatisifcs and statistical methods are* 
yet a few ob^enatlon•. ire m-cc'saia before arriimg at a suitable 
definition ‘tlatl'|Ie^ concerned with mass phenomena, with 
large t)uniber-< desi,nptne of groups with results of coUrttite 
action Indmdual faels and figures mat be of interest to an 
indnidual Stati^iics does not deal with them For example th 
railings of emp’oiees m a business mis s'arj from titan to man; 
a worktf ITUS eini Rs 7 m a certain week, or an nicragt^of 
Is j S 0 per wc\k and feel jubibnt oier >t The business 
treats an cmplojee’s labour as a unn in the cost of proihictioii 
But an tndiMduals income or a unit in the cost of production 
Is not statistics nor doe» the giihenng of knowledge about an 
mdniduats incoirv. become a statistical ctudi If. howerer, 
we coiiipari. the total earnings of a group of workers with 
oiVer elements m the business, m\ wwh its lurocfttr, wt am^•e 
at a clearl) defined relationship between them Tins relation 
^lup should hold good in normal circumstances. The sluJv 
ot ih« relawonship is a staWstiral siiwU Indijndusl iK^mliar 
ities count for nothing m il It is the posiession of the same pecu 
liariues b\ ih- whole or 3 iwajomy of the consiitucnts of ih- 
group that is significant Further the data that arc collected 
arc influenced b) a mukitude of causes Statistics analyses 
them In stud) mg the properties of such aggre^tes it 
emplojs methods that are based on particular character 
rttics of large numbers For instance a characteristic of 
hrge numbers and aseriges derised fyon them is that 
ihei eiijoi great inertia individual incomes mac chang 
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very fast, total or average income varies I'ery little. Through 
such statistical methods accuracy of statements is examined, 
complicated data are analysed and one estimate is compared 
with another. All those estimates to which these methods 
apply fall within the scope of statistics. Statistics is, therefore, 
not confined to any particular branch of human knowledge; 
it is all-pervading. Theory of statistics should then comprise 
an exposition of statistical methods. It may, therefore, be con- 
cluded that the science of statistics is a study of the 
methods applied in collecting, anaij’sing, and- interpreting 
quantitative data, affected by multiple causaticn, in any 
department of inquiry. 

Functions of a Statisticiian. 

The functions of a statistician are then simple. He is con- 
cerned, firstly, with the collection of statistical data, secondly, 
with their anal^'sis and finally, with the interpretation of the 
results of such anal^'sis. Sometimes a sort of division of labour- 
may be noticed in that the statistician may be engaged only on 
the analysis of data without bothering himself about the methods 
of collection' or about the interpretations that ma}' be put to his 
results. But such a division of duties may not always result in 
the best elucidation of a given problem. 

A statistician cannot work miracles. He is not an alchemist 
expected to produce gold from any worthless material. He is 
rather like a chemist capable of assaying the A^alue the’ material 
contains and of extracting nothing more than this value. It 
would, then, be no use commending a statistician because his 
results are precise nor condemning him because they are not. 
If he is gifted with the competence his craft demands, the value of 
his results shall follow solel)" from the material he analyses. His 
job is only to produce what the material contains, and no more. 
A necessary qualification of a statistician is that he must be an 
F.'2 
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inipintal iimpm fr<, from fmr or ftvour ih< ptf«)n,il prcju 
tj Cl ■'h u! 1 I! t (h tltoMwl JO iffcct Ihc cojiduct of hi* duti«- 


Main D\lsioTi.s of Statistics 

TIk <1 Mimn ( I sin isti < cnn U ^ ntrnll> cliiufifd in o Iv o 
111.1 n d vijioTis Si ii sii »1 'tiihods ind Appliwl St,nti»Jics 

Statistical Methods nn tonc<rn«t wiili the fortnubiioii of 
llir R ntnl ru'o an i principles aiplicnh'c in handling different 
branchi of Oiia « lhi imtiiods if lolii-ction of dati C)i5'i 
ffatioi tatuiafion comionivn l»v i«nn» oi iMragix diagrams 
nmi rtxfriKms correlation <U 

Appiiei Statistics deals with thi appl rition of these rules 
in i ! niiulx so concrcti subject matter liti wages pniiS tnde, 
population Apvhed Statistics roaj comist of biometrt, psjcho 
melrj viiaJ statistics administraiivc social ard economic 
statistics The last three ate of »tnmen»i importance and iic shall 
be concerned genenllj »nh them 


( 1 ) Explain clearlr the concepts of Staiulicil mtlhixJj and 
Statistical science 

(a) \Vb 3 t are the charicterHKrsth.M statistical data po>H-s»’ 

Explain them viith illustrations * * 

(t) Statistics arc aggr^tes of facts affected to a markeil 
extent by multiplicity of causes numencall) expressed enumeral 
cd or estimated accord ng Jo reasonable stand-irds of accuracs 
collected in a systematic manner for a predetennmed purpose aiil 
placed m lelation to each other 

Elucidate the aboie definition bringing out clearlv the 
characteristics of statistics. 


(BCom AIM 19^5) 
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(4^ Comment on the following definitions of Statistics — 

(o) By Theory of Statistics or, more briefly, statistics 
we mean the exposition of statistical methods, 

(b) Statistics is the branch of scientific method which 

deals with the numerical aspects of aggregates 
. of natunil phenomena. 

(c) The theory of statistics comprises an analysis and 

interpretation of systematic collection of num- 
bers relating to the enumeration; of great 
classes. 

(d) Statistics is that branch of science whicli deals with 

the frequenc}' of occurrence of different kinds 
of things or witli the frequency of occurrence 
of different attributes of things. 

(c) Statistics is the science of estimates and probabilities. 

(/) Statistics is the science of counting. 

(5) ‘Statistical methods include all those devices of analysis 
and synthesis by means of which statistics are scientifically col- 
lected and used to explain or describe phenomena either in their 
individual or related ixipacities.’ (Secrist). 

Elucidate the above statement. 

(6) By statistical methods we mean methods specially 
adapted to the elucidation of quantitative data affected by a multi- 
plicity of causes. (Yule) — Comment. 

(7) What are the main functions of a statistician? Also 
poidt out the essential qualifications that one to be called statis- 
tician should possess. 


(8) ‘Statistics Js the science of the measurement of the social 
-organism, regarded as a w’hole, in all its manifestations’. 



so 
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Sn I « i the lienee of count ng*. * 

Co 1 1 1 on the alxnc l«o stat^tentj and sug}:e^l any 
ktiif d hii lion of sill siic< gutnjj rt3<or« for prcfminj; that 
dclin non 

i H Com , Agra 1939) 

fO) Comicnl on ific follouitg Mitwncfit A 6tatt*tic«fi >* 
not an alchemist exjHxleil to {mituci g M from ant MorthfeW 
maternl 

(RCom, A 51 ! jfjij'i) 



CHAPTER in 


FUNCTIONS AND IMPORTANCE OF STATISTICS 

Functtons of Statistics. 

Statistics simplifies complexity. Human mind is unable 
lo assimilate a mass of complicated data at any one moment. One 
can liardl)' form an unquestionable opinion regarding tlie com- 
parative examination standards of two universities if he were 
simply told the marks obtained b}' ever}' one of the two thousand 
students of each univcrsit}'. But if these unwieldly and complex 
data were simplified, reduced to totals or averages or presented 
through diagrams they would become readil}’’ intelligible. The 
Science of Statistics teaches how to do all this. It lays do\ra 
methods which enable the boiling down of complex data to simple 
representative numbers easily adaptable to Iniman mind. 

. Statistics enlarges individual experience. One may 
exercise his best ability and power of judgment to view the quan- 
titative significance of a phenomenon. For instance, one may 
make a guess about India’s national income at a particular time. 
But such a guess is subject to vagueness, inaccuracy and personal 
prejudices in._the absence of jidequate statistical data. And, 
when one ;^oceeds to examine the accuracy of his statement he 
finds himself in the realm of statistical investigation. The resulting 
statistical estimate would be better than the conjecture of a casual 
observer. 

Statistics compares tlie simplified data and measures 
their relationsliip. ’To appreciate the meaning of one estimate 
we often need another for comparison. A statement of water-rates 
charged in a certain town is meaningless if a similar statement 
for other equally important towns in the countr}^ is not forth- 
coming. It is, therefore, tlie relative or comparative, not so 
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much ihe absolute character of statistics that requires our atten 
tion But while making comparisons due allowance must be 
made for differences m the arcumstances prevailing between tt\o 
periods or two countries as the case maj be For instance, if 
water-rates chaiged in a town whose source of water supply is 
situated at a considerable distance be compared with those charged 
in another town which has easy access to the source of water 
suppl) the result is bound to be Mliated if due allowance is njt 
nude for the differences in the conditions of the two towns 

Importance of Statistics 

Statistics has been termed as the Science of Kings Indeed, 
m ancient limes it kept ihe kings informed about the man 
power and nches of their domain What arc now called statis 
tical studies were in the past conducted under the mme of Politico^ 
Aruh leiie Civilisatton has now advanced s nee then and the 
application of the mathematical theory of probabil ty to social 
phenomena lia* yielded 'tn iogoQiou<i spparattLS to deal Tilth 
the flgnres of wealth and welfare It will not be inappropnate, 
then to name sutisucs as the Artthmeue of Win» on IfW/ere? 
to-dai 

Statistics IS indispensable these dajs for i clearer appreciation 
of any problem affecting the welfare of mankind Problem* 
relating to poverty uncniplo>mcnt food shortage protectne tanffs, 
uneconom c agncultural holding etc cannot be fullj vvewh'»d 
without the statistical balance (These are the da>s of planning 
Plaruiiiig Uithout statistics cannot be imagined Neither can 
a pohq- be sacnlificslly chalked out nor can its success be 
measured without the statistical apparatus 

Stat sties IS the light bearer diat enlightens the way to life s 
adventures It unravels the crowded complexities of life and 
thought Without Its support man would Wan Icr aimlessly through 
this perplexing universe StalWics discloses causal connection 
between related facts Svwh study » at the bottom of all -^ound 
human endeavour 
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Statistics are tjie eyes of a,dniiniBtration. No states- 
man can tender sound advice on a problem to -his government 
unless he has adequate statistical data before him to base his judg- 
ment upon. Crime, drink-evil, tuberculosis and similar maladies 
need statistical investigation to suggest remedies for their cure. 
Budget, a collection of the estimates of revenue and expenditure 
of a state for the ensuing year, is an unavoidable necessity for 
an efficient running of government machinery. Its preparation is 
not possible without statistical records and without their utilisation 
by a personnel having knowdedge of statistical methods. Once the 
budget is read}^ decisions regarding enhancement or decrease in 
the existing rates of taxation or regarding the exploration of new 
sources of revenue can then be taken up without much trouble. 

Statistics are an aid to supervision, particularly in these 
da3'S of impersonal relationship between the empIo\''er and the 
employee. Every institution, commercial or otherwise, aims 
at obtaining efficiency with econom3% Old plans are substituted 
by new ones. ^To te st the e ffectiveness o f new policies, the officers 
must be providecl with accurate and consisely tabulated information 
showing {he results obtained. 

Statistics are invaluable in business and commerce. 
To be successful, a producer or a dealer should finst estimate the 
demand for his wares, anah’se the possible effects of factors 
like seasonal variations in demand, changes in tasje, fashions 
and purchasing power of mone3', and then proceed to adjust 
his output or purchases to file estimates of demand. For, if he 
does not arm'himself with a cautious and fairE’- accurate estimate, 
he would either be erring on the side of over-stocking himself 
and thereb3’’ .suffering loss; or under-stocking himself and, there- 
fore, losing chances of making profit. l^sjnysSj^ indeed, runs on 
estimates _ 3 iffi__probabijitics. The higher the degree of accuracy 
of a businessman’s estimates, the greater is the success attending 
on his business. Correct estimation demands a high c'ass of 
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skill wliKh onli long t^pcricnce tan wun Statistic? helps 
llie r< (jrding of the p\st inow!e<lge ttid cxpinentc, ami drawing 
out hrdtj or tjpes wrth which fcsuUs from rear to jear 
cm t( compared reasons for change? dwiuced ami effects of 
such clviiigts on future studied Experience «o asccrtTineil acts 
as an cconoinu. barometir The businessman forewarned of a 
currcuc) mflaUon boom or deprctMOti shall prepare himself 
lo flee It boldli Statistics is closel) associated with economic 
progress Statistics c^o be profiuh^j cinplojed in the different 
branches ot commercnl actiMl) It js being applied in cost 
ccountiiig Till accounts of a concern undoublwlh show its 


f/nariciif lObilion hut tht^ alone cannot corrtTt I v indictti. business 
actiMtv Stlllstlc^l aieragc- or indices shall haic to be computed 
lot telijWe conclusions Statistics can Inlp the bunching of m 


projects rfnd ixploitaiion of poleiuiai market* In n word_^ 
«bti li s is the Woodjnf^successful ccminierce 


An tiiwl*na Titer, a stock exchange broker or an uitM 
tor In sosuntlea nenb a knowledge of in crest nu« the du». 


tuatioiis ol imcstmenl market and other data to strike a timOt 
bargain \ Hanker, intending to build up % p\ramd of -.ecJit 
shou'l an adequa*e knowledge of tlic seaeoml \ariations m 
the call< frr mone> on his liank to decide tin amoimi of resi.r\“ 
that be sbwviU keep from tunc to iwnc m bis \avil s 


A radna^ operating over a wide area Has numerous sonras 
of possible wasteful expenditure Bod working such as using 
four engines where three will t!o or handling thnt tons where 
four shoukl be disposed off k coiih m the radwav itself 
Sntulartv inabiUlj to clearly gai^ the iu-Cc'sH\ of running special 
trams is not oniv to cause incon\enien«.c to us patrons but also to 
denv to the raitwai the revenue that could h.ave betn its own it 
onK cotickision had been drawn frwn pa i experitncf based cm 
siaiistical records Thejoit of statistics is ihcrefore indtspcnsabk 
for railway coinp.any’to fce^ «■« working within the bound:^of 
c^ciency and kOi i»tij 
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All forms of insurance subsist on precise calculations based 
on the analysis of a huge mass of data. The entire working of 
life assurance scheme, for instance, rests on the compilation of 
life tables and computation of expectation of life from time to 
time. Unemployment or sickness insurance similarly depends on 
statistical data. 

Again, in order that a social or economic legislation may 
be fair and judicious it should be based on carefully recorded 
quantitative information. Enactments with regard to poor-rebef, 
fixation of rate of exchange, levying of excess profits tax or stop- 
page of child marriage need a proper statistical investigation. The 
merit of the iccommcndations of various committees and com- 
missions largely rests upon the statistical information behind them 
and the correctness of the statistical methods used. 

Statistics is indispensable in a quantitative study. 
Its methods can be usefully employed in any science. A sociologist 
ma)’ attempt to demonstrate a relationship between sales of liquor 
and crime, or between suicide and poverty. A theoretical 
economist may make bricks out of^ the straw of statistics. He 
m^^deduce important economic principles from empirical data, 
or verifj' the validity of deductive laws of economics by the in- 
ductive method of statistics. Indeed, the science of economics 
is becoming statislicaljn its meffipen HUrie'^vants to study the 
march" of- tinie"as revealed by the trend of population and the 
world’s production of food, the relation of changes in the value 
of currency to prices, the relation of railway freight to internal 
and external trade the incidence of taxes, the influence of wages 
on health and efficienc}’- of labour, the effects of irrigation etc., 
he. must take recourse to statistical investigation. A serious 
danger in the absence of statistical informaion is to make 
landom, arbitrary, estimates to suit one’s ' pre-conceived ideas 
and pet notions. vStiUistics brings truth to light and corrects 
faulty observations. An economist should equip himself with 
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a o{ Siaijstical n«lh«U to goatd lumsslf ar«nsi 

po'-sibV (ailaoc^ oJ trEumTnt Slilwtics has much furlhcrcd 
the dc\cro 5 >itierti oi cconomtc* and iC the ilatv arc cons5dcrabt> 
large and nliaWe md correct statisljcal methods an. used m 
collecting and aml>si»g them «en forecasts can Ijc successIuUy 
mule on iheir basis 

Statistical methous are Mlcashelj DppJjcaWe. Astro- 
nomy pioneered tlnir use tn pndKimg nlxyut cclifi*-i» and biology 
has eqinllv apj rccnbl> ufibzid them in ds gtneralizalions for 
in-.fuu-c in li\s> of \antti<ms atul hemlitj Meteorology 
UHs them for weather ((rro>t$ In these sciences and physics, 
geology zoolog) etc with wluUver cart mil caution niaj the 
Ilea urenietits U uiken ihev cannot ilwa\s U. msthcniaticaljj 
e\«cf tn f bO an nni>ortant problem to !« attacked in them 
I i » ni] utc the most (ircJiuble e«tun.nl<; — an Tieragi. or i t)i>e— 
from a lonipkx group r f observation* vboot which ill the rieasurc 
inenls are gToujied iii leconlince with some iJefimlo liw The 
nevt tisfc IS to watch the aituft and direction of the changes in 
the rvi>e. or grouping of the. mcisiircments ilx»ut it L’pon such 
study are based several genent rations an! theories of fhe«e 
‘•cicnccs which vvcrelhev mad rbtranly ami withru taiietical 
basis crulJ not be fuhv relied ii)>on as Irue 

Scope of the Sdence of Statistic!; 

Tlie atxiye eIe«cription of the nwiwruence ot Statistic- makes 
it clear diat the science jnclu les m its fold all <:\aantiiati\c analyses 
10 wlatescr (leparlnient or^uKiuiry they might re^te Us <cope 
1^ -therefore stretcFed- pvt^ afl tfiose branches of humarrknoay 
ledge in wlnh a grasp ‘oTthL significance of large miiwbers , is 
looked for U, nieihixl- provide an importam n anrer of measuring 
numerical elian{.es m complex groups and jeKlgmg collective 
ihenornena Its scope is tlnis wwle tfu. Imitmg factor being its 
spphcabilit) (o eiudies of quantilatiye character atone 
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Limitations of Statistics. 

It is necessar_v to carefuli}' note the limitations of Statistics, 
otherwise one might make too much of this delicate scieijce. 

Statistics caimot take congnisance of individual items. 

■'It has already been emphasized that it deals with mass 
phenomena and as such throws light on the characteristics of the 
zfholc of the given group. Income per capita for a country, for 
instance, is nothing but the summation of its individual incomes 
divided by the total number of its inhabitants. Individual incomes 
differ widely? as is natural, from the poor to the rich. But these 
differences and irregularities of different items arc brushed off 
in computing the average, which gives a grajiliic idea of the 
per capita income of the entire country. If this average is a 
fairly good figure, it by no means lessens the miseries of the 
under-fed, ill-clothed paupers and affords no reason why they 
should not be protected. The per capita income ^\ouM not reveal 
the extent of their misery, much less that of the torture of each 
indi\idual pauper. Consequently, where a study of the individual 
constituents of a group is desired other means should be restored to. 

Again, statistical results should not always' be treated 
as the sole determinants of the value of a group. Statistical 
method is one of the several methods of sludj'ing a problem. 
As such; it can be supposed to yield unquestionable inferences 
only when other avaiihble evidences and methods of study point 
to the same conclusions. Yet^ statistical- results are as -necessary 
for the quantitative appreemtiqn jof a problem as.accurat^^nicasui e- 
n^nts are for the c^struction_oJ[^_aJjuilding. 


Besides, statistical results might lead to fallacious 
condusiotis jf are quoted shorn of their centext. If 
only the averages of the profits earned by 'two business houses 
over three years are quoted, and, incidental:}’, these averages 
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liappcii to »«. 1 Ifiitical qinmitifs one mijrtit cftnclude that both the 
1 ou cH were 0 )ing cfjtialK well It is no jmpfoJxjblc that if 
fn<? were in pUtice nt the nrtual profits earned b) them during 
lh^ pet fx5 the pTogreas o? one of Uittn nt gM be found to run 
in lb poMin-c dirwtion while that of the other in the ncfrative 

I nnher sHtUUcal laws are Inie on flie ascrage or m 
(he long run Thej arc not like the exact laws of ph>sical 
s,c which ire said to true m cterj mliMdual ease that 
IS subject lo thtm Statistical taws therefore show approxima - 
ten lenc IS eg Parcln’s law of income distribution 

Not onK Ol t statistical data must also be statlstlcalh 
tmlform That is the data should Wong to a causal svstem 
that w higWt stable so that there shall lie no ntatenal fluctuations 
in Its nuin characteristics oter the whoK field of observation 
\Sithout horrogeneiiN of <lata comparisons would be aitiatiaf 

Stallstlcol methods are not applicable to the 6fu3> 
of those facts ttiat are not quantltatlael} mea-surable 
Health culture character Ir end hip «kiH potcrti cruthj and 
fiessimism cannot be quaniitaiwcl) expressed In studjmg anj 
such ph noi smon the stai tical aspect is assumed to be sulsidiarv 
In ell r cons derations \ cmipanson of the state of cnibsa 
f on h twetii two counln s d mt ten I itself 1) sttli t cal treat 
meni Risort mav be kid to such tiumcncal data as the 
number < f persons pass ng a certain standard examination the 
number of places of worship or etWerUmnwmts or the number 
of people coimcted of entne But thc«e figures onl) indirectly 
relate to the real prcblem Thm are subsid in to other informa 
lion like th manner m which people in the two countries hie 
the aalue ihc\ attach to pniKiplcs of right conduct the treatment 
thev mete out to others the ts-pe of work thc\ perform the food 
thej take and s^ on Therefore rt follows that statistical methods 
are not of unwersal use or val Iti Their use is confined to 
quant titwe stud 
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But t3te greatest limifeition of statistics is that only 
one who lias an expert knowledge of statistical methods 
can scientifically handle statistical data, since statistics, like 
medicines in the hands of quacks, are capable of being easily 
misused by the inexpert. One might harness statistics to his aid 
and make the worse appear to be the better case. Many people, 
therefore, look at figures with an eye of suspicion. 

Distrust of Statistics. 

There are said to be thiee degrees of comparison in lying; 
lies, damned lies, and statistics. One maj'- not believe in tlie 
truth of a statement made without citing statistics. But, w'hen 
he is presented wdth figures in its support he is led to believe — ‘if 
figures say so it can’t be otherwise.’ Such is the power statistics 
enjoy. And if this power is misused, say figures are deliberately 
manipulated, one may be, for the time being, led to take an 
utterly false statement for an absolutely accurate fact; but truth 
will be out some time Later and when it is out figures that were 
cited in support of the statement would be labelled as lies. Cases 
where figures have been put forward as an evidence of the accuracy 
of a stafement otherwise wrong, are not wanting and since lies 
and damned lies can be detected by a lay mind much more easily 
than a misuse of statistics, statistics have suffered the stigma of 
being classed with lies. 

But reasons for disrepute cannot lie with statistics. By them- 
selves they carry no w’cight. They can support false conclusions 
3ust as easily as they support the true ones. With them one may 
'prove’ that income 'per capita in India is high while others may 
'prove’ it to be low^. What are these diametrically opposite 
conclusions due to? They are due either to motive or to ignorance. 
One may knowdngly mis-handle the statistical apparatus with a 
will to prove his case, or ignorant of the characteristics of statistics 
and statistical methods run away with any figures, apply them 
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to any technique and fed haiqjy over vvhal he ma} regard his 
achievement Thus design and ignorance lead to misuse or abuse 
of statistics which in its turn leads to disrepute It is not statistics 
that arc lies The) arc only tools m the hands of statisticians 
If tools are abused or misused it is not tools which are bad The 
fault lies with the way the tools are used 

The popular distrust against statistics is geiicrall) expressed 
in thi. remark sfiUstics can prove anything Those who sav 
•iO arc themselves at fauU to a hrge extent As a matter of fact, 
little or nothing can be proved b) statistics What can be done 
bv them IS to describe a phenomenon quantitatively classify u into 
parts summarize the facts relating to them and prepare th" 
ground for a logical inference S^ery often too much faith i» 
placed m figures alone and it is believed that the inference to which 
statistics lead is die only inference possible that, the inference is 
infallible and therefore need not be supplemented or verified b) 
other than statistical evidence This is what should not be This 
has tended to bring (he science of statistics and figurative data 
into discredit Conclusions must be made in part on evidence 
other than that offered by statistics 

If figures are stated without (heir context, ihej arc applied to 
a phenomenon other than the fine to which the) really relate, 
figures relating to a part of a group ace given as relating to the 
whole figures favourable to an argument are stated omitting 
the other side the) are inaccurately compiled deliberately mam 
pulated and unscientifically interpreted — m all these cases they 
can be made to produce a false statistical argument All these 
apprehensions make many a man look at statistics with a 
jaundiced e>e 

Statistics suffer from the draw back that they do not always 
bear on their face the mark of their quaht) To a casual observer, 
a crude table compiled from unreliable data looks as valuable as 
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another prepared after great pains by a number of trained statisti- 
cians. Jvlost often, people who are served with statistical informa- 
tion do not know whether a particular factor can be statisticalK 
evatued, or whether the information is based on satisfactory data. 
If they are men who believe that ‘figures won’t lie’ they shall accept 
them without question, while others who are sceptical of their 
truth shall treat them as ‘tissues of falsehood.' In fact, before 
accepting or rejecting statistics, one should enquire into the com- 
petence of their author. Another apparent draw-back of statistics 
is that since the}' are expressed as definite) concrete quantities thev 
look innocent and precise, and people often believe them to depict 
an accurate picture. But if they are disillusioned they blame 
them. It should be noted that their appearance in quantitative 
form is not a guarantee of their accurately presenting the 
phenomenon to which they relate. They show only one metho'd 
of doing so. 

Whatever be the distrust of statistics it docs not imply 
that statistics have no value, or that the Science of Statistics is 
useless Drugs may be misused, but for that reason neither is their 
’usefulness lost, nor does the science of medicine become valueless. 
No doubt statistics do not supply conclusions but they do furnish, 
in part, the basis on which conclusions may be drawn. Their use- 
fulness is, therefore, great. It is imperative then, that statistical 
■data should be handled only by those who are aware of their use, 
limitations and dangers and are free from prejudice. If their 
limitations are forgotten fallacious conclusions would result. If 
data are carefully collected and scientifically analysed, the results 
obtained shall be trustworthy. With the study of Statistics as a 
science, with the recognition of its imitations and with improve- 
ments in its technique the cause for its distrust is gradually 
waning. A layman is apprelrensive of statistics’ largely because 
he does not understand the technique which statisticians apply to a 
problem in which he is interested. If he learns to exercise his 
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(Iiscrjmmating mind and critical faculty to judge for himself before 
blindlv accepting or summarilv rejecting any statistics that he i» 
served with the misusera of statistics will find it hard to pi) their 
trade 


c\nRCTsns 

{ i) Explain and illustrate the functions of statistics 
(2) D scuss full) the impoftante of stiti-^tics as an aid to 
commerce . 

(B Com Alld ICM2) 

v(3) Statistical methods are most dingerous tools in the 
itands of the inexpert Stalistics ts one of those 
sciences whose adepts must exerase the «eJf restraint 
of an artist 

Explain fully the significance of the above statement 
( M A Patna 1942) 
(BCom Alld J947) 

(4) Write an Essay on — 

tnher (a) Suiisiics m the servive of the State, 
or (b) Collection of economic statistics during a 
population census 

(Dip in Econ Madras 153:) 

(5) A knowledge of statistics >s hke a knowledge of 
foreign language or of algebra it maj p'ove of u«t at an) time 
under any circumstances — Expbm 

(6) Give the important uses and limitations of Statistics 
Show Its relation to Economics and Mathematics 

(BCom Luck 1938) 

(7) Discuss the utility and \ahie of statistics in the measure- 
ment of social phenomena How far do you agree with the view 

planning without a proper organization of statistics 


(M-A Agra 1940) 


of the counir) ts inconceivable’ 

amt Jh« StatistKs of a business can be treated saemlfirally 

^business statistics may be made 
Sam ^ national and «=oaal statistics * 

(BCom, Alld 1932) 
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(9) Explain clearly the statistical methods used in any 
scientific investigation, and show tlieir importance to theoretical 
economists and practical businessmen. 

(B.Com. Alld., 1933). 

( 10) Give a lucid explanation of limitations of statistics. 

(11 ) “There are three degrees of comparison in lying. There 
are lies, there are damned lies, and there are statistics” — How 
far do you ..agree with this statement? 

(12) How do you reconcile the following statements? — 

I. (i) Statistics can prove anything. 

(ii) Statistics do not prove anything. 

II. (i) Statistics are lies. 

(ii) Figures do not lie. 

(13) Discuss the scope, utility and limitations of statistics. 

(B.Com., Agra, 1937). 

(14) The claims of statistics to our support depend upon 
the efficient mental training it provides for the citizens, the light 
it brings to bear upon many important social problems, and 
increased comfort it adds to practical life — ^Discuss. 

(15) Describe briefly the different kinds of statistical 
methods, and show the usefulness of tlie knowledge of statistics 
to businessmen, scientists, and economists. 

(B. Com., Agra, 1936). 

(_i6) Explain clearly what you understand by the Science of 
Statistics, Discuss its scope and limitations. 

(B. Com., Alld., 1944). 

(17) ‘Sciences without statistics bear no fruit, statistics 
without sciences have no root.’ 

Explain the above statement with necessary comments. 

(M.A., Patna, 1943). 
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Ci8) In what \sa)i» can statistical methods be misused by 
interested persons’ Give at least two examples of the misuse of 
statistics 

(B Com Luck 1939) 

(19) Discuss the importance of the study of statistics and 
show how it can help the extension of scientific knowledge the 
establishment of a sound business and the introduction of social 
and political reforms 

(B Com. Agra 1942) 

(20) Statistics are like chy of which )ou can make a God 
or a Dcvnl ^ }ou please Discuss 

{B Com., Alld 1948) 



CHAFCEIR IV 

STATISTICAL INQUIRIES AND UNITS 


Collection of figures is an aU-important work in a statistical 
study. The actual collection of data must be preceded by a well- 
thought out plan. In planning a statistical inquiry it is neces- 
sary to 

! 

P ( I ) ascertain the purt 5 ose of the inquiry ; 

I (2) determine the type of inquiry' to be conducted in order 
to gauge its scope and the availa ble sources of info r- 
mation ; 

{3) define the s tatistical units in terms of which data will 
be collected and compared ; 

(4) lay down the degree of accuracy desir ed; and, 

(5) decide upon the me thod of collection of data. 

Purpose of Statistical Inquiry. 

In organising a statistical inquiry it is at first essential to 
ascertain tire object of the inquiry, since the type of inquirj' to 
be undertaken and its details will be largely determined by the 
light which it is the purpose of the inquiry to throw. The purpose 
■of an inquiry, for example, may be to study the cost of living 
of industrial labour in a town during a certain period. 

Types of Sfatistacal Inquiries. 

An appreciation of the different types of statistical inquiries 
is necessary for, the meaning, scope and accuracy of statistical 
data and the method of collecting requisite information are de- 
pendent upon the type of inquiry in hand. Distinction between 
statistical inquiries can be made upon answer to the question — 
By wliom is statistical information required? It may be 
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required by the state a business house or a saentific innestigator 
Their facilities for collection of data differ The stale may legislat*., 
an institution may request while a private individual may have to 
beg for the purpose The sum of money that everyone of them 
can spend on the inquiry is different, individuals financial capa 
citj Ixmg the weakest Again ofliaal commercial and scientific 
inqumcs will look at the same subject matter differently, facts 
matenal to one class of investigation may not be relevant to 
another 

Another distuvcUon between statisuol inquiries can be 
made according to lion the statistical Information emerges, 
figurative data may emerge as by products of certain admmistra 
live operation or they may be obtained directly by collecting 
information relating to ceitam affairs In the first case collection 
of data IS not the pnmary purpose, but subsidiary to or only A 
part of the mam action For instance, imports into India a'e 
recorded at the Customs Office and these records serve as the 
raw materials of statistical tables In the second case collection 
of data IS the sole end. For example census of population yields 
the figures which it is the purpose of the census to collect 
Obviously, the degree of accuracy attainable m the results of the 
first type of inquiry is not likely to be higher than that in the 
results of the second that is an mquio od hoc Again, in the 
first case, the definitions of the terms used shall be so designed 
as to suit administrative needs while in the second they shill suit 
the purpose of the particular problem For instance, the term 
wage may mean money wage to those administering sickness 
msuraiice scheme and Teal wage* to wage earners chiming dear 
ness allowance in times of nsing prices 


Agam staLstial ingiancs to, be dis(.ng«,shed actordiiis ti> 
th. sonree from which the Infommhon Is obtained In sLe 
mqmnc ,hc nmnber of pro™, ph„„g 

he Urge, m olhers small Tor admm, String a schrme ol lood 
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rationing in a town, every householder may be held responsible for 
supplying information relating to persons and grain-consuming 
animals in his household. The number of house-holders is, no 
doubt, very large. Therefore, the sources from which inforn'.at'on 
is obtained are varied. The questions contained in tlie fonn will, 
therefore, have to be few» simple and unambiguous because of 
the \Tirying educational standards of the people. The scope of the 
inquiry would naturally be limited on this account. If, on the 
other hand, sources are few compared to the size of the inquiry, 
these few may be skilled investigators appointed to collect requisite 
information. The scope of the inquiry can be extended herej, 
because the investigator can elicit the information which, in the 
former case, may be difficult to extract. 

Another distinction between different kinds of statistical 
inquiries may be made according as the inquiry is of census type 
or a sample suri'-ey. In a census the whole group is surveyed as, 
for instance, the Census of Population or Accounts of Foreign 
Trade of India. In a sample inquiry only a part of the group is 
surveyed as, for example, a sample survey of acreage under jute in 
a Province. 

Statistical inquiries may also be distinguished as direct and 
indirect. Height of students in a class is measurable directly 
in inches, but their intelligence cannot be quantitatively ascertained. 
In cases where the desired information is not capable of statistical 
treatment, some allied information reducible to numerical standards 
will have to be collected. In this particular case reliance 
will be placed on the mark's obtained at a certain examination or 
intelligence tesl. This inquiry is indirect. 

. Statistical inquiries may be original or repetitive. They 
may be carried on either for the first time, or in continuation or 
repetition of previous inquiries. In the former case a plan will 
be initiated. In the latter, old plan with such minor alterations 
as experience or necessity demands may be followed. But the 
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definition of units used should not bt maternll> altcrid in th 
repetitive tnquirj Ad^an^ages resulting from modifjing the old 
plan and from continuity and coinparabilil> of information tnuit 
be weighed before affecting any alteration in the plan 

Lasllj statistical inquiries m3> be undertaken for ab«oliite!y 
confidential purposes or they maj be thrown open to piibbe. 
Trade associations may collect information from their member* 
which may be kept secret Modes of treatment for both tjpes 
of inquiries will not be identical 

W^en decision has been taken on tlie t>pc of inquirj that 
would be undertaken the scope of the inquiry would become 
clearl) visible and the available sources of information should be 
carefully studied 

Units of Measurement 

Having ascertained the purpose for which statistical data are 
to be collected and used and having formulated the type of which 
the inquirj vviU be, the next step in orgamitng «tatistica] 
Studies IS to define rigidly and unmistakably the units of measure- 
ment m which the aggregates to be counted shall be expressed 
QumutaUve saence demands a precise and unambiguous termino- 
ic^> for the termmolog) once specified shall be adhered to 
throughout the inquiry Adherence to the definition once made ts 
essential in order that the thing counted or measured ma> be the 
same throughout the inquiry Strict comparison shall be possible 
only when the things counted are the same The task of 
defining the unit seems at first easy but in many cases the opposite 
IS true Literacy connotes one meaning to an ordinary person 
another to a sociologist but for understan ling the tables relating 
to It in the Indian Census Reports its meaning is something precise 
—ability to write a letter and to read the answer to it In studying 
the problem of educated unemployed m India the* questions ih t 
at once anse are Vhat is exactly understood by educated ’ and 
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who is ‘unemployed’ ? Upon a little thought it will be found that it 
is not easy to answer such simple questions. Similarly, factors like 
wages, profits, accidents, imports, investments are differently 
interpreted by different pe'ople. Correct d-cfmvtion w ahvays deter- 
mined by the purpose in mind. Different purposes will necessitate 
different definitions of the same unit. Buf before collection of 
data begins a correct specification of the unit will have to be made. 

A statistical unit should satisfy the following requirements ; — 

1. The unit must suit the purpose of the inquiry. 

2. Its definition must be unambiguous, simple and complete 
in itself. 

3. The unit must be definitei specified and ascertainable, 

4. The unit must be stable and standard. (In India, currency 
fluctuations have not been rare, and weights and measures still 
vary from locality to locality. Hence the necessity of taking stable 
and standard unit.) 

5. Homogeneity and uniformity must be ensured. A unit 
should not imply different characteristics at different times, 
If the data are heterogeneous, they may be broken up into small 
classes to secure uniformity! or the process of standardization 
may be followed. For example, the data for the compilation of 
an average of the wages received by workers in a factory, where 
male and female adults and children are working side by side, are 
heterogeneous, women getting lower wages than the men, and 
children getting the least. In order that the average wage may be 
a true representative, the data may either be sub-divided into three 
group, vis., ‘wages for male adults’, ‘wages for female adults’ and 
'wages for children,’ or females and children may be expressed in 
terms of equivalent men. 

The units of measurement may be classified into : ^ 

I. Units of Enumeration, and 
II. Units of Analysis and Interpretation. 
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Units of Enumeration Simple omi Composite 

Unis of enumeniion are those in which measurcn uils are 
made They are IhertloTe tonccnved the collection of data 
These units arc of two kinds simple and composite 

A simple nnlt u one that denotes a combination of character 
istics that occur together It simpl) di<t ngu shes classes Its 
meaning is general Examples of simple units arc a ton a pas 
senger an accident a sale a store a house a room Such units 
are mutually exclusive They arc defined ea>iK and fairly 
precisely The degree of error associated \nth them is therefore 
small 


A composite unit is one tliai is formed b) adding a limiting 
or qualifymg word or phrase to a simple unit with the result 
that Its scope becomes limited and the task of defining it does not 
remain easy Examples of composite units are ton mile passenger 
mile man hours 

Uidis ol Analysl& and IsteTFr^tatlon 

These units are those m terms of which data are compared. 
They include such units as rales ratios and coefficients They 
will be discussed in Chapter I\ It may howeier be well to 
note here what a coefhaenl means 

A oo-eflident takes the fom of comparative etatement. 
Comparison may relate to time to space and to conditions in 
time or space For example wages may be expressed m Rupees 
but related to days or months \Ve then speak of Rupees per 
day Of per month. We may express prodoctioa of wheat m 
maunds but relate it to province farm or acre \Vc then speak 
of maunds per farm or acre or province. \\ e maj lastly express 
income of a given area in units of monev birt rj^te it to tft- 
cniire popuhlion. Then wc speak of income /-cf cof fa A 
co^fTcient m effect i$ a compansim between the numerator and 
the denom nalor both of which should be rebted and homo- 
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geneous. If passenger-miles are divided by passenger-train-miles 
we shall obtain passengers per train. But if passenger-miles are 
divided by ton-miles a monster will result. 

Degree of Accuracy. 

After the units have been selected and defined, the next 
step in planning a statistical inquiry is to la)' down the standard 
of accuracy to which the collected data should conform. It should 
be decided whetlien for instance, prices shall be quoted correct 
to a pie, or to an anna, or to a Rupee. Every phase of questions 
should be carefully studied and details checked. No effort should 
be spared to minimise the chances of error. The aim should be to 
avoid the necessity of conducting a second inquir)' and thus save 
time, labour and money from being wasted. 

Then, as the last step in organising an inquiry, a suitable 
method of collecting statistical data will have to be selected. 

EXERCISES 

(1) Explain with examples the different t)'pes of statistical 
inquiries) and indicate the bearing of each on the collection of 
data. 

(2) Wliat do you understand by the ‘object’ of an inquiry? 
Is it necessary to determine it before planning a statistical inquiry? 
Why? 

(3) AVhat are statistical units of measurement? Explain 
the necessity of determining them. 

(4) Differentiate behveen simple and composite units. Give 
illustrations of transforming units from simple to composite. 

(5) What difficulties are experienced in defining the follow- 
ing terms for collecting statistical data? 

Accident, Industriakaccident, Room, Class-room, Hindu, 
Exports, Literacy, Book, Improved rariety of crop. Wage. 
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( 0 ) D (Tcrcntnte wuh fxrrop'e' tht units of mrasurenient 
from tht units of coinpanson 

(7) What IS a co-fRiciCnt’ Illustrate with suitable examples 

(8) WTnt precautions should be obsened in specifvmj a 

unit’ 

(q) What prcltnimrj steps »ill >cm take m planning a 
Statistical inquiry’ 

(10) WTnt IS a statistical unit’ Is it neccs«arj that llie 
data be horrogeneous? 

(BCoin \gra 1939) 
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COLLECTION OF STATISTICAL DATA 

Primarj’^ and Secandarj^ Data. 

Statistical data are generally classified as primary and secon- 
dary. The former are those which form the raw material of 
inquiry, while the latter are those which have gone tlirough the 
statistical machine at least once. The former are original; i.c , 
those in which instances have been recorded as they occurred 
without having been grounded at all. The latter are those that have 
been worked up to a certain extent, i.c., they have been collected, 
tabulated and presented in some suitable form for any purpose. 
They are generally expressed in totals, averages and percentages. 

Distinction between primaiy; and secondary data is one 
of degree. Data which are secondary in the hands of one may 
become primarj’^ in those of another. For instance, statistics of 
foreign trade of India are secondary data to the general public 
while they are primary data in the hands of the statisticians of 
the Department of Commercial Intelligence and Statistics. The 
distinction between them lies in the fact that when figures have 
been ‘worked over’ for a purpose, when they have been examined 
for their accuracy and comparability and have been grouped, aver- 
aged or reduced to percentages — ^that is, when they have lost 
their individual characteristics which they possessed when they 
were reported — ^they become secondary data. 

On the basis of primary and secondary data the methods 
of collecting statistical material have been divided into Primary 
Method and Secondary Method, the former being used in the 
collection of original data, while the latter in the 
collection of such data as have already been ‘worked over’ to some 
extent. 
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Primal^ Method 

Under this melhod the following wa>s of collircting the 
requisite data arc generally used. 

I Direct Personal Obsemitloo.— This method yields 
\er) accurate results for it implies that the investigator must be 
present on the spot lo make patient and careful personal obsem 
tion regarding Viovs people woik and live. Tirst hand mfonnatiou 
collected thus must be reliable. But since within a rcason.vble 
amount of time an cxtcnsirc field of inquiry cannot be covered 
by this method it is useful specially for intensive studies It is 
therefore utilized in localized inquiries Besides covering only 
a narrow field Uus method is open to the charge that the chances 
of personal prejudices of the investigator afTccting even uncon 
sciously his conclusions are great 

If It IS not practicable for the investigator to be on the spot 
or to devote the time the above method demands an altemativ* 
ior the investigator is to question and cruss-examine a person 
who IS dircctl) m touch with the facts under invest gation Here 
since the investigator counts on the goodwill of others he will 
have to be courteous in his bdxaviout Besides the questions 
that he would ask. must be few very simple dearly worded not 
mqu sitoTial and so far a> possblc demanding an answer in yes 
or no or a number This alternative method is also used in 
intensive studies 

2 Indirect Oral lovestigation assisted by a standard 
lut of questions — Wien the informat on desired is complex and 
informants are indiflercnt lo supply it if directly approached 
or if tlie field to be covered » very extensive so that the first 
method cannot be successfully empli^ed the vtva wc indirect 
evidence of several third parties preferably of those indirectly 
m touch with the facts under mqu ry rnay be recorded 
Commiss ons and Enquiry Committees appointed by governments 
generally find th s method sti ted to their needs iJut certain 
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precautions must be observed in order that reliance may be placed 
on the data collected. Firstly? the indirect evidence of one person 
should not be relied upon. Secondly, it should be clearly ascertained 
whether the informant really possesses a knowledge of full facts. 
Thirdly, it should be considered whether the person questioned 
is prejudiced in favour of or against a particular ^^cwpoint or 
is motivated to colour the facts. Due allowance must be made 
for the optimism and pessimism of the informant. Lastly, if 
the informant happens to be an uneducated person or suffering 
from occasional fits of mental disequilibrium, it should be seen 
whether he would be in a position to give expression to his ideas 
adequately and precisely. . . — 

3. Estimates from Local Sources or Correspondents. 
— This method does not imply a formal collection of data. Local 
correspondents obtain the estimates in their own manner and 
report them to an appointed authority. This method yields only 
approximate results, but expeditiously, at a small cost and with 
ease. 


4. Investigation through schedules to be filled by 
the informants, — ^This method differs from the preceding one 
in that tlie questions asked of the infonnants are those in respect 
of which they are supposed to have definite and precise infor- 
mation. If the informants reply intelligently, this method is good 
for extensive inquiries. It is comparatively less expensive and 
fairly expeditious. This plan is largely adopted by private indivi- 
duals and even the government. But a large number of infonnants 
do not generally answer the schedules unless the inquiry is in the 
informants’ own interest, or the private individual or institution 
responsible for the inquiy . is able to persuade them to answer, or 
the state exercises its legislative powers for the purpose. And, 
schedules that are returned are very often incomplete, ambiguous 
and full of errors, since the average informant is indifferent in these 
matters. In order that correct answers may be had, the schedule, 
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or a. letter o{ request attached to tt, should state the purpose 
of the inquiry atid the identity of the person or the institution 
responsible for the inquiry, and gi'e an assurance to treat the 
mfomiation tendered ns confidential «f so desired b> the informant 
The questions should be fe«^ clearly plirved and, abo\c all simple 
and should not be such as to arouse suspicion and prejudice in 
the informant 

5 ln\esttgatloQ tlirough sdiedules In eliargc ot Enu* 
merators^— .Under thi» plan ihe informants themselves are not lo 
fill in the ■schedules Instead the trained enumerators put them 
question' and revord theif answers Therefore m 'his Wind of 
inquiry the si.liedules can be much more exhaustive than those n 
the previous one and ihc scope of inquiry can also be enlarged 
Correct mtcrprstation of every question and the method of collect 
tng infonmlions must be explained in detail to the ^numerators, 
o that different enumeraiors may not give different weight or 
twtawvivg to the same qwestvows Cwirweravws shwsW be equipped 
with a sample schedule dulv filled in. This plan affords quite 
good resuhs and is the best for many extensive investigations 
It IS genenlly adopted in large-scale governmental inquiries. 
Its cost 13 no doubt prohibitive to a private individual or 
institution 

Choice of Eoumetatons. 

Scleclvon of enumerators shouM be done with great care 
smcL on them depends the quality of the investigation Intclli 
gence diligence and integrity must be their attributes m order 
that vague replies of mformarns may be detected corrected or 
diminated and fictitious quantities may not be entered. The 
enumeraiors should also be courteous and tactful so that they may 
extract the requisite information without causing resentment or 
ill will in Ihe informants They should be free from bias If 
these precautions are taben mthe selection of enumerators needless 
errors and confusion shall be avoided 
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Choice of Questions. 

A word about schedules used is necessarjL The schedules 
may be either what are called ‘Questionnaires,’ the answers to 
which are recorded on a separate piece of paper, or ‘Blank Forms,’ 
in which space is provided in the form itself for filling in the reply. 
Headings and titles drawn up in them should be lucid and easily 
understandable, and tlie degree to which accuracy of a numerical 
result is required should be indicated. The size of the paper 
should not be unwieldly, and each word and phrase used should 
be carefully scrutinized for ambiguous or controversial inter- 
pretation. 

The questions which are asked should be — 

(1) such as the informant shall be able to answer, 

(2) few in number, 

(3) simple and clear enough to be easily grasped, 

(4) not inquisitorial and not causing resentment so far 
as possible, 

(5) requiring brief answer, say ‘yes’, ‘no’ or ‘a number,’ 

(6) corroboratory, if possible, 

(7) capable of being answered without prejudice, and 

(8) directly related to the point of information desired. 

Selection of Representative Data. 

i When the inquiry in hand is very extensive, it will not be 
\ practicable to undertake a census type of inquiry where each 
1 individual item of the universe or ‘population’ shall be questioned. 
I The inquiry will have to be of the type of sample survey, and the 
sample will be representative of the whole fifeld. 

The methods of selecting a sample or representative data 
are two : — 

1. Deliberate or Purposive Selection, 

2. Random Sampling or Chance Selection. 



48 


STATISTICS tlttOKt AND PRACTICE 


Deliberate Selection^— Accord ng to this method a small 
group out of the given universe is selected at the discretion of the 
organiser of the inquiry the gmdti^ principle being that the 
selected group should be representative of the given universe so 
that its study could reveal the characteristics of the mass it 
economic cond tions of people living in a province ire to be studied 
according to this method a few towns and villages and also th“ 
required number of families therein may be deliberately selected 
for intensive study on the pnnciple that they shall be typical of 
the entire pronnee But the fear is lliat they maj not always 
be lyp cal «tnce personal element ha< a great dtance of entering 
mto the selection of the sample The organiser may select a 
sample which would yield results favourable to his point of view 
and the entire mqu ly may thus be vibated. If the organiser and 
investigators are unbiassed the results obtained from an analysis 
of deliberately selected sample may be tolerably reli 
able provided the basis of selccbon is otherwise unquestionable 


Bnndora Sampling*— <lbance selection on the other hand 
IS frss from the influence of the personal factor It is so to sav 
a lottery method in which mdividtial units are picked up from 
the whole group not deliberately but by some mechanical process 
«o that every un t has equal probab Uty of entering the sample. 
Here It IS blind chance alone that determines whether the one umt 


or another is selected This is an important cond bon of th s 
method If from a list of villages of a given area arranged in 
alphabetical order every tooth or 50th vilhge is marked out for 
intensive study rt would give a hundredth or a fiftieth sample 
of the whole area Or m urban areas from a directory of th- 
owners of shops m a partiailar locality every loih or soih shop 
may be selected for mtensivc study Th s type of random sample 
surveys for rural and urban areas were suggested by the Bowley 
Robotson Coranuttee for India It should howtra bo noted 
that once a nmdoni selection of -nllages and shop has been made 
m no acconnt should any one ot the villages and shops so selected 
be substituted by another 
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Census vs. Sample. — In a census inquiry we may, for 
example, establish the facts about the heights of 2,000 people by 
finding averages and other statistical indices : our problem shall, 
then, be limited to a cliaracterization of the heights of these 2,000 
people. But, in a sample sur\'ey we shall use the pioperties of a 
random sample of variables for drawing inferences about the larger 
population from which the sample is drawn. In the above example, 
our question will be : what approximate or probable inferences can 
be drawn regarding the stature of a whole race of people from an 
analysis of the heights of a sample of 2,000 people drawn at 
random from the people belonging to that race? Thus, in a census 
inferences for tlie whole population are drawn from a study of 
the whole field, while in a sample sun'ey inferences for the whole 
population are drawn from the study of a representative part. 

The ‘Sample’ method has many advantages over the ‘Census’ 
method. It economises in time, labour and money and pennits 
a small band of skilled investigators to do the whole job more 
efficiently and precisely than a large army of unwilling, inefficient 
enumerators would do in a census. Random sample sur\'ey is 
largely coming into use because of these advantages and of its 
scientific character. It affords a sufficiently accurate picture of 
a large group without requiring a resort to a complete enumera- 
tion of all the units of the group. ^ 

Theory of Probability. — ^Thc method of random sampling 
is based on the mathematical ‘Theoiy of Probability.’ The theory 
implies that if from a very large group of items, technically 
called the ‘population’, a moderately large number of items is 
chosen at random such numbers are almost sure) on the ■zulwlc, 
to possess the characteristics of the population. If two men 
plucked 200 leaves each of a particular tree, the averages of 
the lengths of the two sets of leaves would be almost identical, even 
though the leaves may vary considerably in size. Further, if one 
were to obtain the average length of all the leaves of the tree,'’it 
F4 
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■would not materially differ from the average length of cither group 
Similarly, if a rupee com is tossed twelve times, the probabilitj 
IS that It will fall half times (i e., six Umes) with its head or 
tail turned upwards On this pnnciplt gamblers — dice-throwers, 
cardpla)ers> etc., — run risks conlinuouslj' and with profit, and 
insurance compames insure against death or other calamities. It 
IS this principle that is responsible for rtgulantj in the number 
of crime and suicides in a country for a given period of time 
This prinaple is christened the lavw of Statistical Ilegularity4 

It should, however, be noted that any number of samples 
will not give exactly the same results as a study of the whole 
group would As a matter of fact, the probabilitj of error 
diminishes with an increase m the number of items included m 
the sample. That is, the larger the sample, the more reliable are 
Its indications. Its reliabiht) is proportionate to the square root 
of the nitmber of items included 

law of Inertia of large Numbers. — This law furnishes i 
corolbry to the law of statistical regularity It implies that 
large numbers are relatively more stable than small ones. If one 
part of a laige group varies m one direction, the probabihtj 
is that another equal part of the same group would vary in the 
opposite direction so that the total change would be slight For 
example, the production of tea or wheat may varj from locality 
to locality in a given yar, but the total world production of tea or 
•wheat remains relatively stable for decades Deaths in different 
parts of a country in a given year may show violent fluctuations , 
but all fluctuations will hardly be m the same direction, so that 
death rale for the whole country will remam” almost constant 
through a number of years Thus large numbers and the av erages 
deduced from them have great inertia. 

But It does not mean that the property of inertia does not 
allow for change with the passage of time It only sigmfies that 
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if the set of figures under consideration are very many the change 
is likely to be more regular than it would be when the figures con- 
sidered are few. Secular movements resulting from long period 
tendencies in the background of conditions are not precluded. The 
death-rate of a country,, for example, may be relatively stable from 
year to year, but for a long period it may show a progressive 
decline. 

Sectfndaiy Method. 

Data already collected by others may be in manuscript form, 
for example, original records of (a) business houses or of (&) 
government offices, such as accounts of business firms and public 
offices, patwari’s village-books, etc., or (c) notes of past investiga- 
tors and chroniclers. They may be type-written or printed matter. 
Printed documents include books, journals, reports, bulletins and 
official publications. They may; be.published or meant for private 
circulation -only. They may be original or derivative. They may 
be by-p roducts o Ladministration or jneantjfor public information. 
Th^ may be official or non-official. 

The following different ways of compiling secondarj’’ data 
for statistical inquiries may be noted : — 

I. Utilizing published information. — Such information 
may be — 

(a) official, i.e.> published by Government, 

(b) semi-official, e.g., published by municipalities, rail- 
ways, etc., 

(c) published by technical and trade journals, 

(d) published by trade association, chambers of com- 
merce, etc., 

(e) published by researdi institutions such as imiver- 
sities. Economic Enquiry Boards, 

(f) published by individual research workers. 
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2 UtlUzatlon of Business Intelligence Senlce boUts 
tins, duly Tvcekly or monlhly bulletins market reports issued 
by Stock Exchange or Produce Exchange and dealers of repute 
ajid Standing 

ft 

3 Utibzation of unpublished data or niannscripts. 

4 Etiliznig infonnatlon collected by other agended or 
for other purposes. 


EXERCISES 


(il How tviU }Ou organize an economic sunw of a small 
Indian Stale comprising fite towns and one thousand villages^ 
(MConijAlld. 1^3) 


(2) How far do the resulu of statistical in«$tigation depend 
upon correct samplmc? Compare tlie different method* usw to 
secure representative data 

(B Com Agra 1939) 


(3) ^plain in detail how you would proceed to organize a 
Census of Wages Draw up a blank form or forms to obtain 
tne mioimation required 

(B Com Agra 1937) 
advantages and disad\’antagcs of the 

(BCotn Cal 1937) 

.<««>•«>> 


wnerc uiese methods cannot be used satisfactorUy? 

(BCom. Agra icMo) 
qtiestionnaiTe? ^ utwns should be taken m drafting 
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(7) Draft, suitable questionnaires for enquiries regarding; 

(1) Educated unemployment in India. 

(2) Sugar industry in ,U. P. 

(3) Economic condition of agriculturists in India. 

(4) Cost of living of a University staff. 

(5) Budgets of students' in a college. 

(6) Industrial survey of U. P. 

(8) How would you organise an investigation into the hand- 
loom weaving industry of the U. P.? Prepare questionnaire 
suitable for the purpose. 

(B.Com., Alld., 1942). 

(9) It is required to estimate the total consumption of 
food-grains in the U. P. for enforcing a scheme of food- 
rationing. What statistical data should be collected for the 
purpose, and how? 

( 10) Show the necessity of the use of the m'ethod of random 
sampling in any extensive investigation. How woull you make 
use of this method in carrying out an economic survey of the rural 
areas of U.P. ? 

(B.Com., Alld., 1935). 

(11) Statistical investigations carried out by tlie Govt, are 
usually based either on complete enumeration of the universe ofj 
refereiite as, for instance, the population census, or on the study 
of 'typical’ cases as, for instance, the proposals regarding the 
economic census. Explain why the method of random samples is 
to be preferred to either of these methods. 


(M.A., Alld., 1935). 
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( 13 ) Wnle bnef, hut luad notes on 
(o) Lavt of Statistical Rcgulant) 

(fc) Law of Inertia of Large numbers 

(c) Pnmar> and Secondary methods of collecting data 

{13) Fecundily among the poor higher than among 
the nch This statement is often made It means that poorer 
classes of persons beget more children than richer ones How 
would jou verify statistically the truth or otherwise of this 
statement? Describe fully the mctliod you would employ ginng 
examples 

(BCom Agra jriM) 

(14) Explain the whole process of organising sn enquiry 
into the system of agncultural marketing in the U P 

(15) A cotton manufacturer in,Bombay is anxious to find 
new markets for his goods m India and foreign countries NS hat 
statistical materials should he collect? SVhat material I'ould he 
be able to get from published doaiments? 

(BCom AUd 1935) 

(16) A sugar manufacturer in the U P is anxious to find 
new markets for his sugar outside India Describe the procedure 
he should follow to get all the necessary statistical information for 
the success of his mission. 

(B Com Luck. ^938) 

(17) State and explain the law of Statistical Regulanty 
Discuss the methods generally used la sampling 

(BCom Agra J^i) 
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( i8) Classify the methotls generally employed in the collec- 
tion of statistical data, and state briefly their respective merits and 
demerits. 

(B.Com., Alld.j 1946). 



aiAPTER VI 

EDITING THE COLLECTED D \TA 
Editing Primary Data. 

After tlie schedules have been returned by tljc mfortnanis 
or enumerators as the case may be they shotilii,be edited, »* 
Kruimized to detect errors omissions and inconsistencies H 
possible, defects c schedules should be sent back for correction 
or if the insestigator has reasonable ground to do so, he mat 
himself make the required amendments Undue tampeftng with 
them IS howeter dangerous Only m cases of unmistakable erro’’ 
should alterations or modifications be made otherwise esen >vnh 
a \Mll to be impartial a wrong fallacious conclusion miglit resul 
Such sdicdulcs as are thoroughly unsatisfactory must be rejected 
Tor a smaller number of correct samples is better than a large 
number of incorrect ones In the former case the error can bs 
mathematically corrected with approximate accuracy It ts not 
possible to do so m the latter If majority of informants have 
misunderstood a question Uiere is a clear case for making a change 
anj conducting a second inquiry The extent to which omissions 
nny be allowed is also of importance. If the returns unquestion 
ably confirm a certain (act and the <iamples are tolerablv 
representative the omission of a number of returns does not matte' 
If on the other hand evidence is conflicting Uic omission of even 
one return may be a serious matter The degree to which lack of 
accuracy presence of errors or approximation is to be tolerated 
in editing the data is of great significance 

Accuracy, 

Perfect accuracy in the data is rarely attainable WTieat 
crop m Inda for instance cannot be exactly measured It can 
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be estimated to a reasonable degree of accuracy. A weighman, 
liowever perfect his weighing balance, cannot weight wheat or any 
other commodity correct to within, say, I /64th of a seer. Similar- 
ly> the distance for a four-mile cross-country race cannot be 
measured without giving a probable error of a few yards. Even 
in scientific measurements absolute accuracy is unattainable, for, 
heights of liquids in test-tubes may vary by a thousandth part 
of an inch or angles may differ by a hundredtli part of a degree. 
Thus, absolute exactitude is not possible; a closer approach 
to it is. Reasons for it are obvious : the observer and the observing 
instruments are both sources of error; statistical data cannot be 
given hard and fast definitions ; the statistician, unlike a 
chemist, cannot experiment, conditions being outside his control. 
Statistical methods do not, therefore, aim at arithmetical precision 
A statistician would be satisfied with reasonably accurate figures 
provided he can measure their reliability. To attempt to obtain 
the greatest possible degree of accuracy is to waste time. Statistics 
has, thus, to deal with estimates and probabilities and not exact 
enumerations. 

What is a reasonable degree of accuracy shall be determined 
by the nature of the material and the purpose of its measurement. 
In common use, only a certain conventional accuracy is required. 
Precious metals or drugs are much more minutely weighed than 
hay, husk or saw-dust. Height of a room may be measured correct 
to an inch, but the difference of half an inch in the length of 
a man’s nose will make him a monster. A railway administration 
is satisfied if a parcel for booking is weighed correct to 
a seer, but the post-office would weigh "it correct to a tola at 
least. It would be enough if we can measure an object to that 
degree of accuracy which is required for practical purposes. Thus 
it is relative and not absolute accuracy that is desired in 
statistical data. 
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Statlvtlcai Hrrora 

The \ rd error is used ui A specul sense in stoiisiio. U 
dcnoics ihc difference betneen the true salue and llie 
r ! jte o{ a quantity It differs from a mistake in that i refer* 
s d ffcrencc resulting from an) source of mexaditude 

The chet sources of errors are tlrce First errors of 
origiii, et} erron resuhing from a prejudeed information or 
iaj>p opra e definition of units second errors of huideq[oacy» 
g errors due to inadequate sample data or incomplete Infoma 
t on third errors of manlpolaUoa e g imcensoom error 1 1 
ncasurirg ogh ng counting or approxinut on 
^leasuremcnl of Frror 

Errors mas be measured as ab<ohj e or nUlne An m 
est gator is concerned * th reUtiie errtr inc-re tban the absolu e 
one Absolute error I* (He dlfferrsace betwmi the tne 
value md esUmte of a qtsusilt)* uh le relatlse error b 
the ratio of (he absolute error to the mtiimte. ff th* 
monthly aterage expenditure of students m a hostel i$ m reality 
Rs. so anl we measure t as Rs 49 the absolute error is 
Rs C50~4!?) ott* rupee while the relative error is 

The rebtiie rror IS sometime^ 

49 49 

expressed as a percentage error Tlos the relatuc error m 
ihe abrne case IS salt per cent. The error is posme sme- 
ihe true \-aIoc exceeds the estmae If on the other Kind 
we est mate the monthly average expenditure as Rs 51 tlv* 
absolute ,„<«■ is Rs. (SO-SO. " "«r out ntptt and lire 
elaUve error u 
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The error is negative since the true value is less than the 
estimate. 

In algebraic notation, let u represent the measurement of a 
quantit}' whose true ^>alue is «*, and c stand for relative error 
of the estimate, tlieii 

tt ? — it 

c~ 

« 

and, if uc stands for absolute error, 

Me—v> — jf 

The error Avould be positive or negative according as tt' is greater 
or smaller than u. 

Biassed and TJnbiassed aErrors. 

Errors may also be classified as biassed and unbiassed. 
Bitussed errors result from a bias or prejudice on the part of the 
infonnant, enumerator or measuring instrument. These errors, 
therefore, lie in the same direction and are cumulative in character. 
That is, tlie greater the number of observations, the greater would 
be the absolute error. For example, if wall-paper were measured 
with a foot-scale half an inch short, then the greater tire number 
of feet measured the greater would be the absolute error. 

Unbiased errors are those which arise automatically, 
without any bias or prejudice. They are subject to the law of 
statistical regularity, so tliat-Uie excess in one direction is almost 
balanced by the defect in the other. Unbiassed errors, therefore, 
are compensating. The larger the number of items, the smaller 
will be the absolute error. If tire foot-scale in our example be 
correct, error in a measurement in one direction shall be com- 
pensated by error in another measurement in the opposite direction, 
so that the greater the number of feet measured, the smaller will be 
the difference between actual length and the length measured by 
the scale. 
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Jf ionic mvciii^ilors carry vn mvcstiffalion into ihe econo 
inic condition of igricullunsM m a fc» phccs m, sav, the U T 
m India pre-<letermine«l to prme that ihcir income is hig^i 
ihc> would probably h} eumming onl^ the well to-do and 
dibt free culln'aiors and taking the incomes of those lining near 
ihc gram markets ha\mg their own pack animals for transporting 
gram and marketing their produce themselves, protluce a high 
ivcrage income for each locaitt) But if fhc> are not prejudiced 
!)v a pre determined conclusion, that is if the inquiry is impartial 
the investigators are as likely lOimkealow estimate m one locality 
as to nuke a high one m another fo the fonucr case, errors ar 
bussed all being in the same direction and causing the averagi. 
to go lip In the latter case, errors are unbiassed, positive ones 
neutnjliaing the negative ones and reduang the resulting errors 
to a small figure The following illustration would 
clear the 'point — 


AveragL n'onthly | 




income in 1 

1 


I rsti/nafe 

1 

£st»m 5 te 


Rs 

1 hs 


Locality A 




LocaJiiy I) 1 

i6 


j. 

Locality C 1 




Locality P 

i8 

184 

188 

Averages 

*9 I 

1 =0 


Kelaiive errors 


51- ! 

h 


From Ihc aW tabic il is clear that the errors oi bussed 
estimate are cumtilalive, nhile those ot the unbussed one are 
^pensafinE or eoimterbolancinE Another mustratton cl 
biassed and unbiassed errors ts provided by the aBe-relnnis lit 
tbr Indian Census The fyd Ib-it generally under 
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estimate their ages causes a biassed error in the average age 
of the population, while the tendency on the part of people to 
return their ages at ilie nearest round number causes an un- 
biassed error and, on tlic whole, does not affect the average age 
of the population materially. Biassed errors seriously affect 
the accuracy of the figures and should, therefore, be avoided. 
To diniinate tlie effect of unbiassed errors a large number of 
obser\-ations should be taken. So, if tlie errors cancel each other 
even a considerable degree of inaccuracy may be allowed while 
editing the data, but if they are cumulative they shall have to be 
avoided. 

Approxunation. 

Numerous digits confuse the mind. They may be expressed 
in round numbers, even though exact figures may be available. 
For example, the figure 264,571 may be expressed as 264,570 or 
264,600 or 265,000, but not as 264,500 or 264,000, or the popula- 
tion of India for 1941 may be expressed as 389 millions instead 
of 388,998 thousands. 

Here arises another type of error called Possible error. 
If a quantity is rounded off to the nearest 100, the upper limit 
of error is -f 50 and the lower — 50. The possible error is 
therefore expressed as i 50. That is, possible error denotes the 
upper and the lower limits within which the actual error lies. For 
example, the figure 1449 or even 1450 can be expressed as 
14 hundred if approximated to the nearest 100, and, similarly, the 
figure 1351 or even 1350 can be expressed as 14 hundred if 
rounded off to the nearest 100. If, therefore, we are given only 
the round figure 14 hundred and not tlie actual figure of which 
it is an approximation, we may express 14 hundred as 1400^:50, 
meaning thereby that the actual value of the estimate lies between 
1450 and 1350, or that its possible error lies between + 50 
and — 50. 
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Jn approxtifutiton all figures ercspi tlie firs' digit beyond the 
margin of accuracy should be left out For jnstance, if the length 
of a leaf is recorded as 3 97 centimeters though with the scale used 
It was possible to read correctlj to the nearest tenth of a centi- 
meter It IS better to retain the final digit 7 since 3 97 is a closer 
approximation to the real length than 40 ems which would be 
the reading if the digit 7 is dropped. 

Again if the last correct figure tf 0 apher ii mitst he so enter- 
ed If a leaf measures \ery nearly three centimeters it should be 
expressed as 30 ems and not simply as 3 ems for the latter 
figure m ght mean tliat the reading is accurate to centimeters 
whereas tlie former indicates that the reading is correct to miUi 
meters wh ch really is the case in our example If the reading .s 
correct to centimeters -ui) leaf between 2 5 and 3 5 ems m length 
would be entered as 3 ems while if the read ng is correct to tnilli 
meters the entry 3 ems would mean that the length is between 
495 and 305 eras Sumlatly an entry of 3«> wiU mean that 
read ng is accurate to hundredths of a centimeter and that the 
length of the leaf is between 2995 30OS «ttis 

hen certain d gits of a number are to be dropped all 
fra -'ions oter half slould be counted as xiholc numbers and J 
iider half discarded Tract ons eqtia&ing exactly one half may 
be allowed to remain or left out at discretion The following table 
giv ng approximations should be carefully studied 


Or final Number 

15049 

15050 
15249 

15-257 

15^ 

15951 


Approximation correct to 
one deamal place 

150 
15 I 

lS-3 
15 3 

159 

160 
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Edfiting Secondary Data. 

Secondary data should be used only with careful inquiry 
and criticism. It is never safe to take them at their face 
value without ascertaining their meaning and limitations. 
Inquiries relating to the followng should be made before they 
are used : — 

(1) The organisaton that supplies the data. 

(2) The reliability of the compiler, and his ability to pro- 
cure correct figures. 

If upon these two inquiries it is found Uiat the data are not 
mere guess work, but are sound, the following information should 
be had: 

(3) The scope and object of the inquiry conducted by the 
original compiler. 

("4) The definition of units in whicli tlie data are expressed. 

(5) The sources of the compiler’s information. 

(6) The method of his collection, including instructions 
given to the enumerators. 

(7) The degree of accuracy desired and achieved. 

(8) The extent to which they refer to homogeneous 
conditions. 

(9) The suitability of their application to the given 
problem. 

Even when all the inquiries have been thoroughly made, 
there may still be some shortcomngs in the data. The investigator 
using the secondary data will then have to exercise his common- 
sense and experience in using them. If the organisation or 
compiler’s standing were not well-known, the investigator 
could study such part of the compiler’s data as was 
familiar to him, and detect if there were any bias or motive 
to manipulate the figures. A business intelligence bulletin. 
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lor m tancc niaj be \erj often biassed Data may be lacking 
in consistenci or homogeneity or may not be suitable to th 
inquiry in the imestigators hand At c%efy step then investi 
gator s intelligence counts much Indeed as Dr Bow le\ remarks 
In collection and tabulation commonsense is the chief requisite 
ai d expenence the dnef teacher Where compulsion was 
exen.iscd by th" government the informants migVrt haNc given 
iformation reluctantly and no wonder not precisely Questions 
rclatii g to use of intoxicants mental infirmity total earnings 
profit^ etc are inadequately answered since they arouse anta 
gonism and suspicion among the informants The agency for 
collection may have been ineflkicnt methods defective accuraev 
wanting The data may net have been co-ordinated They mav 
have been collected for administrative purposes where a h gh degn- 
of accuracy was not essential A sifting inquiry is, therefore 
necessary If co-eiTioents were computed it should be seen 
whether the numerators and denominators were related to each 
other and were homogeneous It should be known vvhether ll 
quantities were strictly measurable and whether they v ere measured 
on the same basis In editing secondary data for the purpose 
one s inquiry the investigator must be cautious and careful at every 
step The best thing to do will be to see whether the details com 
piled by the other organisations or com[ iler tally or tolerably agree 
\ ilh the details that would have been folio ved by tic mve-sl gvtor 
himself if he personally conducted the inquiry 

EXERCISES 

(l) What precautions should be taken m approximating 
large figures’ 

Approximate the following figures expressing them (i) 
correct to nearest looo and (u) correct to next loOO over and 
show the biassed and unbiassed errors in approximation — 
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485,399; 410,902: 415,500; 290,492; 365432; 399491; 
450,256; 462,300; 300,099; 295,591. 


(2) Give examples to show that 

(ft) biassed errors are cumulative and unbiassed ones 
are compensating-; 

(ft) relative accuracy is more important to a statistician 
than absolute accuracy; 

(c) it is conventional accuracj' of measurement that is 
generally loolred for. 

(3) In what way does a statistical error differ from a 
mistake? What classes of errors are there, and how may they 
be measured? 

(B.Com., Alld., 1943). 

(4) ' What precautions should be taken in making use of 

published statistics for further investigation. ^ 

(B.Com., Agra, 1939). 

(5) (a) Discuss the main sources of errors in statistics 
and their effects. 

(fe) State the important methods of approximation and 
their utility in statistics. 

(B.Com., Agra, 1940). 

(6) ‘Let us have quantity as well as quality in statistical 
data; but if there be a choice between them, the latter is more 
important and essential than the former' — ^Explain. 

Is the above a good maxim for one editing the collected data? 

(7) What do you understand by-editing of data? What 
will you do if the data before you arc 

(f) incomplete but representative, 

(if) incomplete and unrepresentative, 

(Hi) certainly wrong, 

(iv) probably wrong? 

F. 5 ' 
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(8) It IS ne\er safe to lal^e publ shed statistics Rt their face 
TOlue without knowing their meaning and limitations — Bowlej 

Elucidate the abQ\e statement and point out the general rules 
that >ou would laj down for making use of published data 

(9) Of the biassed errors the statistician should have none, 
but of the unbiassed ones the more the merrier notwithstanding 
that they are also errors Elucidate 

(BCom Mil 1947I 
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STATISTICAL MATERIAL IN INDIA 

Cliief Sources^of Economic Statistics. 

The chief sources of secondary economic statistics avail- 
able in India are the periodic reports and publications of (i) 
Central and Provincial Governments, Indian States, District and 
Municipal Boards, (2) Committees and Commissions appointed 
by the Government, (3) Semi-government institutions like the 
Railways or the Universities, (4) Research agencies, (5) Trade 
associations and pri\'ate organizations, (6) Teclinical periodicals. 
A list of some of the important official and non-official publications 
is given in Appendix II. Non-official publications do not 
necessarily deal with non-official statistics. Rather, they mostly 
give official data. Non-official statistics obtaining in the country 
are meagre. They consist of statistical compilations of certain 
trade associations and other institutions which, in many cases, are 
regarded as highly confidential and, in several others, do not see 
the light of the day. They also consist of a few village and 
marketing-sui^^eys and other statistical inquiries organized by some 
universities and other bodies in India in recent years, and by 
a handful of individuals in the past. So many of them remain 
unpublished. All these studies, no doubt, indicate the lines 
along which much useful work can be done, but the private 
individuals and institutions do not generally possess such 
facilities for collecting reliable information as the government 
departments do, and the latter alone are usually able to meet 
the cost of publication. Therefore, the major bulk of the 
statistical material available in India comprizes of official 
statistics, the collection of some of which — ^particularly of 
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ihose relating to prices, Jand values and cultivafioii costs — 
dates back to the earlj nineteenth centurj Great care and 
caution Trust, undoubtedly, be exercised m using non-official 
statistics but e\en the official statistics are not suitable for 
saentific purposes without a searching enquiry, since they are 
the by products of admimstralrve machine And, the conflict 
between statistical needs and adininistratiie purposes is very 
well known 

Short-comings of Official Statistics. 

Indian Official Statistics are of questitmaWe accuracy for 
two main reasons In the first place, the agency for the collection 
of primary data is hardly Inislworthy Tor instance, collection 
of agricultural statistics, prices and wages is done by the least 
qualified men la the Revenue and Police Departments of th- 
ProMncial Governments In the second place, scientific methods 
are veiy rarely applied to the analysis of pnmary data 

Cronomic statistics m India sutler from tnadequaej. Th** 
Indian Economic Enquiry CommittA 1925 examined the material 
then, available for esUniaUng the economic condition of vatiou* 
ebsses of people m India and concluded as follows 

For the purpose of determining m what respects the 
statistical data available are deficient from economic point of 
view the subject mas be con«idered under the following three 
mam classes 

(1) General MalbUis other than production comprising 
Finance, Population, Trade, Transport and Commu 
mcations, Education, Vital Statistics and Migration 

(2) Statistics of I’roductKxi including Agriculture, 
Pasture and Dairy Farming Forest, I ishenes. 
Minerals, Large Scale Tiiduslries, Cottage and Small 
Scale industries 

(3) Estimates of Income, Wealth etc. Income, Wealth, 
Cost of Living Indebtedness. Wages and Pikcs 

The statisbcs falling under Cbss (i) are more or less 
complete , those under (a) arc Satisfactory in some respects but 



statistical material IK INDIA 


6g 


incomplete or totally wanting in others while as regards estimates 
of income, wealth, etc., under Class (3) no satisfactorj^ attempt 
has been made in India to collect the necessary material 
on a comprehensive scale.” 

The language of the Bowley-Robertson Committee witli regaid 
to the nature of statistical data available in India cannot be 
improved. They wrote in 1934: 

“The statistics of India have largely originated as a by-product 
of administrative activities, such as the collection of land revenue, 
or from the need of information relating to emergencies, such as 
famines. Only in the case of the population census and to 
some extent of foreign trade has there ' been an organisation 
whose primary duty is the collection of information. As a 
result the statistics are unco-ordinated and issued in carious 
forms by separate departments. Though in some branches care- 
ful work is being done and determined efforts made to improve 
the accuracy and scope of information, in others they are un- 
necessarily diffused, gravely inexact, incomplete or misleading 
while in important fields general information is almost com- 
pletely absent. The only co-ordinated general publication is 
the Statistical Abstract, which omits some important statistics 
which must be searched for in other documents. The situation 
cries out for overhaul under the control of a well-qualified 
statistician”. 

Indeed, from the multifarious activities of state in India 
there springs a constant and copious stream of numerical data at 
regular intervals. Inconsistency and incompleteness in existino 
statistics are natural in a country where the task of collection 
and presentation of official statistics devolves on the different 
departments of the Government of India, Provincial Governments’ 
and Indian States with their own administrative needs and 
personnel. 

' Lack of co-ordination is another glaring defect of Indian 
economic statistics. Co-ordination of official statistics is not pos- 
sible in the absence of a co-ordinating authority existing in the 
country. Most foreign countries possess Central Statistical 
Bureaux for collecting and editing all statistical matter of public 
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interest Tlic cstablishmctn of such a Lurciux ms recommended 
b\ die Ind an I conomic Fnqutr} Commniee ami Uiat of a I\rma 
Dent Fconomie Staff b) Utclkmks Robertson Committee Neither 
of these recommendations has jrt been fullv carneil out The 
present statistical organisation of the Go^e^lCcn^ of India 
consists of a D rector of Commercial Intelligence and a Dirccto'' 
of Statistics at Calcutta responsible for collection of sonic ofTicial 
Statistics and an Lconomic Adsiscr to the Government of 
Ind a in New IKlhi to undertake collection and interpretation of 
some oilur Malisiics There is also a Statistician to the Govern 
n m of Inin while some Government departments Kave them 
b iwnie oft 1.1 r> m charge of Malt'lics There is no department 
of stalistKS as such at the headquarters of the Centra! Covemmen* 
The need ft r the establishment of a rermancnl rconomic Staff b> 
llu. Government ol Ind a to collect and co-ordinate vanous statis 
tics in the countf) was never more urgent than now, when ihcv 
arc comnmtisl to chalk out r*ans for the economic development 
of India in the postwar period and m pursuance of 
which thev have established a IXpartmint of Planning ani 
Divvlopment 

let another short-eommg of official statistics is lint the 
e^iact significance scope and mvthod of thvir compilation art not 
w dc’j k-now II so il at th > arc not self explanatorj Light on 
these points however in regard to statistics of production an<< 
prices IS now thrown bv ilc Cm I to Currruf OBctal ^taUstie., 
Vol I 

Delaj In pubbeaboa of even the inadequate and defective 
da a sinipli adds insult to injur> Tigures become comptetel 
out of date b> the tunc thtv are publidied an I thus mvich of tl ei 
usefulness is lost 


The no«lej I obettson Commmet „aOe so,„j nlnaljs 
Biigscnons tor i.opro.mg tht oflical siai,„,os ot tK counlrv 
Tl rsc tccooimcndrtions weri considered for tone bi tl.. Cm 
emmem ot India The schero ol a„ economic census and the 
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•establishment of an Economic Staff were regarded as too costly 
and abandoned for the time being. 

Examinatiou of some Official Statistics. 

It would now be well to examine in detail, some of the im- 
portant official statistics with a view to study their short-comings 
and offer suggestions for remedying them. 

Stetastical Abstract of India. — In this publication 
all important economic statistics, including, among others, those 
concerning finance, currency, banking, population, industry, com- 
munications, labour and insurance, relating to India, and 
where available, to Indian States, are regularly published. 
These data are based on the infonnation furnished by different 
departments of the Central an^ Provincial Governments and 
Indian States. The Abstract, therefore, contains all those errors 
from which the original compilations suffer. The short-comings 
of this document are : 

(1) Lack of adequate co-ordination, though some co- 
ordination is being attempted. 

(2) Lack of completeness and consistency in existing 
figures. 

(3) - Delay in publication. 

It is suggested that a suitable machinery for proper co- 
ordination such as that' proposed by the Bowley-Robertson Com- 
mittee should be set up. The Committee have recommended the 
establishment of a Permanent Economic Staff consisting of two 
trained economists, one statistician and a Director of Statistics. 
The Director’s duties include co-ordination of central and 
provincial statistics. For the second short-coming, the 
Committee have made A^aluable suggestions, which onlj' need 
implementing. Information about some important problems 
which so far is not available in the Abstract should be included. 
Delay in publication is, partly due to the inclusion of less 
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important items «hidi hold tip the puWicalion. If unimportan* 
items arc dtlcteil the publtcntion \iOulil not onl^ become handy 
and less expemue but would also be published without uii 
necessary dclaj It lias been argtied that if the Abs- fact is divided 
into different parts and each part is pub!i«htil as soon as infonra 
tion relating to an) section is available the defect of delay sliall b 
greatly reduced But in view of the <eparate publications dealing 
with different subjects such as i/a/u/wai Tables relatinff to Ba»kt 
and to i’ro^rcjx of Co oferatne Mo^Km^nt in India already 
existing this argument miy be met if the publication of these 
special reports is speeded up It ma> however be suggested that 
like the procedure adopted in the Vt-or Book of the League of 
Nations estimates in pbice of final!) revised figures where the 
latter involve undue delay may be published the fact being men 
tinned in a footnote Thus delay m the pubheotion of the Abstract 
would be very much reduced, ami its usefulness increased 

J AgricultonJ StaUstlcn^TIvese statistics deal largely with 
the land utilised for agrieuhiinl purposes and the crop raised 
on rt Since land revenue has b«m the one important «ourc^ 
of revenue in India vve possess valuable statistical records 
relating to land crops and yields since so early times ss the famous 
settlement of Todar Mall, the Revenue Minister of Akbar The 
late administrators of Indn collected agriaillural statistics at 
an early stage particularly when they introduced the 
system fovrards the dose of the i8ih century Provincial Govern 
ments took Up the compilation of agncultural statistics in 1866. 
In 1885 first crop forecast relating to wheat was made followed 
m later years by forecasts of cotton oilseeds nee jute grown Inuts 
and sugarcane 

Agricultural statistics arc pobl shed regvjJarly by the Depart 
ment of Commercwl Intelligence and Statistics in the followin' 
annual publications 

(1) /Igricullaral Slalsslics of India Vols I & II 

(2) Eshmoles of Area6-i tAd of Princifol Crofs ut India 



STATISTICAL material IN INDIA 


(3) Planiafton (Tea, Coffee and Rubber) Statistics. 

(4) Summary Tables of Agricultural Statistics. 

(5) Statistical Abstract for India. 

Tn addition to the above, Crop Forecasts and Intermediate 
Crop Forecasts are periodically issued, while Report on the Census 
of Livestock, Ploughs and Carts in India is a quinquennial publica- 
tion. Besides, agricultural statistics are also available in the Indian 
Trade lourndl (weekly). Monthly Survey of Business Conditions, 
and Quinquennial Report on the Average Yield per Acre of 
Principal Crops in India. 

The difficult task ot making primary estimates relating to 
agricultural statistics in India falls on the officers of tlie 
Provincial Revenue Departments, who have to carr}' it out 
amidst their heary administrative and revenue-collecting 
duties. It needs no emphasis that they have neither the time 
nor the necessary training for the work entrusted to them. 
Consequently, the reliability of Indian crop statistics is of 
doubtful character. 

In areas where Ryotzvari system or Temporary Settle- 
ment prevails all villages have been carefully surveyed 
and mapped. There, the village accountant, called Karnam 
or Patwari keeps field records. At the beginning of the 
sowing period he prepares a statement showing areas 
under different crops in his village, and submits it to the 
Revenue Inspector. These figures are aggregated in tchsils or 
taluks, districts and provinces. Once or more during the 
growing period, and finally at harr^esting, the village 
accountant estimates the yield of the crops as so many annas, 
generally taking 12 to 16 annas as standard. The ' Tehsildar, 
exercising his general knowledge of the condition of crops, 
reports a single result for all the villages under his jurisdiction 
to the District Officer. The latter modifies these figures in the 
light of his knowledge or discretion and reports a single 
number of annas, or an average, for the district. This 
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tMragt IS Air) Aagutly deEned and leads to snspioon 
Lsuall) It IS iht mode 1 urther, it has been found that in 
uianj cases the local official does not tisil the fields but deduces 
the area from the tuianiiiy of seed the cultiralor says he has 
o'vn This mabd\ is further aggravated by the jndifFercnc** 
of iht revenue officers towards checking the Pdluvris figures 
jitrsonall} With regard to the OM»nr<wn estimate of the yield. 
It may be pointed out that the estimate is vitiated m sonic 
ca«es bv the failure of the revenue officers to actually get crops 
of a small area from an average field cut and compared with the 
•standard vield Again since remission of land revenue has to be 
granted in temporarily settled areas where the seasonal condition 
falls below a certain percentage of normal it is not impossible 
llui the village accountant and subordinate officers may pitch Iheit 
fiHiKri-flri estimate too high when llie seasonal condition is on 
the border line for the grant of remissions Th« village 
accountant is said to possess a bias to report no change from 
the previous year to undet-esumatc a good crop or to txag 
(.crate the fall in a bad crop The margin of error in his 
«^stlmates is an unknown qumtlty Lfficiovt supervision due 
criticisms and proper scrutiny of the Pof tort's estimate of both 
arta and yield are essential if relraUc and useful data are to 
be collected. 

The Department of Agriculture m each province fixes the 
normal vicld per acre for the different crops in each district 
on the results of crop cultii^ expermioits conducted for each 
crop sown on plots of average quality These experiments 
are loo few and the plots that are singled out for the cxperi 
n ents are selected according to purposive selection m which 
personal bias has a great chance of prejudicing the choc- 
The normal yield therefore Joses its representative character 
The anntrivn estimates of a particular year arc compared with 
such defective tonnal yields Hie comparison is vitiated 
According to the Bcnvley Robertson Committee if the direct 
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TOclhod of cstimaling the yield in maunds per hxgha or bushels 
per acre is adopted, dependence on the standard yield would be 
completely done away with and accuracy of data would improve. 
But, since the diiecl method is said to be impracticable, the yield 
should be staled to the nearest anna for each village and weighted 
arithmetic mean of these statements should be obtained for a 
ichsM or -laluk. This mean would be fairly reliable. The condition 
factor for each tchsU or district could be expressed as a percentage 
of the normal rather than as so many annas. It is further suggested 
that for the computation of a reliable nonnal yield a large number 
of plots should be selected on ‘random sample’ basis. It is worth 
noting that improvements in this direction arc taking place in the 
U. P. and a few other provinces. 

In permanently settled areas, such as those in Bengal and 
Bihar, there arc no village accountants and subordinate 
retenue officials, nor are the villages surveyed and mapped. 
There, the Revenue Officers have to depend for estimates of 
area and yield on the guesses of the \illage headman supplied 
to the former through police officers. The Revenue Officers 
are required to check' these figures from personal observation 
during their tours. They have not the time to do it always. 
These guesses are mostly undcr-eslimates. It is suggested that 
the system of printed forms, in vogue for collecting figures 
relating to area under jute, should be adopted for other crops m 
these tracts. 

It may be pointed out that statistics of area under different 
crops are fairly trustworthy in temporarily settled areas, since 
on their accuracy depends the collection of land revenue. But 
similar figures for permanently settled areas are far from 
satisfactory, since they are not required for revenue purposes. 
The Bengal Famine of 1943 proved beyond doubt the untrust- 
worthiness of the agricultural statistics of the province, and it 
is only proper that the Government of Bengal have lately decided 
to so improve their statistics as to bring them in line with 
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those of the teniporanl} selllcd areas Greater inipro\enient 
howeser is called for not only m Bengal Imt Unoughcmt the 
country including Indian States 

Agricultural statistics available at present in India, 
iHxause of their «hort comings are quite insuflicicnt to deter 
mine whether food iS increasing in proportion to population 
It IS not possible to deduce from them the quantity or a-alue 
of total agricultural produce This presents a serious handi 
cap for econoini«ts and statesmen to tackle food problem in the 
country Eien the jaeld figures are not sufficient!) reliable 
and areas for minor or mixed crops are not separately 
known. 

The Department of Commercial Intelligence ani 
Statistics which publishes crop forecasts two or three times for 
the different commodities mentioned abote in their respectite 
seasons bases them on the information prunanly supplied by 
the village accoununt If Patvari's bias can b« removed and 
his work properly supervised the accuracy of hiS data ard 
with it that of crop foreeasts will improve Then the useful 
ness of forecasts to commercial community would certainl? 
increase a good deal Besides crop forecasts for other com 
modicies Lkc jonvr, bajra maire should also be made In 
order that reporting may improve the Agricultural Depart 
ments should be given an increasing «hare in making general 
estimates of yield. 

A quinquennial census for lisestock is ta’'en in different 
provinces But the information relating to animal products— 
milk meat, eggs hides bones etc.~is very 1 ttle A detailed 
knowlcdg:e is desirable riirther the classification of catti- 
should be amplified to furnish greater details The fact that 
s«mc of the provinces and Indian Sutes keep away from the 
quinquennial census on one pretext or the other itself speaks 
or ^e indifference with which this vital problem is treated A 
umfonw policy for the whole country is very necess.vry 
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Industrial Profluctioii Statistics. — ^The following publica- 
tions give statistical information relating to large scale industries 
in India; — 

(1) Monthly Statistics of the Production of Ceiiain 
Selected Industries in India — (six in a year). 

(2) Monthly Statistics of Cotton Spinning and Weaving in 
Indian Mills. 

(3) Large I}idustrial Estahlishmcnt in India. 

(4) Statistics of Factories — (Annual) issued by the Labour 
Department, Government of India. 

In addition to the above, Indian Trade Journal, Statistical 
Abstract and Monthly Survey of Business Conditions also afford 
data relating to industrial production. 

Statistics available in the above publications include the 
number of factories, the average number of workers employed 
daily, the quantity of cotton yarn and cotton manufactured 
goods, jute, paper and iron and steel manufactures, production 
of petrol, kerosene oil, cement, sugar, matches, heavy chemicals, 
spirit, paints and wheat flour. 

These statistics refer only to factories employing twenty 
or more persons per day. No attempt has been made to collect 
all-India figures of production of the cottage industries of the 
country. The only cottage industry favoured in this regard 
is the hand-loom industry for which estimates of production arc 
published in the issues of the Reviciu of Trade of India. Nor 
is any information available with regard to the number of workers 
engaged in cottage industries except in the not quite satisfactor>' 
occupational tables of the 1931 Census Report, which too were 
retrenched in 1941. Further, the returns from Indian States are 
not complete, and it is difficult to understand why the published 
statistics exclude the production of such Important industries as 
soap manufacture and vegetable-products industry. The available 
data relating to industrial production are therefore meagre. 
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Constijucnth it i> Oifticult to stinlv in all its a‘‘f<cts anj rccnvi- 
mc problem involving tcftrence lo the counirj a inlustrial 
output. 

Prices, >\agcs and Cost of Uring. — Mnrkel prices o{ 
staple contmod ties for smalier towns and wagts lor some grades 
ot labourers are reported regularlj in the CasitU o/ /«f«i anl 
PririHcial Oa~<ttfs Tlie revenue oPtcials are. re<;uircd to ri-port 
prices Overbunleiiid with their ulministnttxe duties the^ hardly 
have sutl cunt tunc to collect price quotation Ad tjuatc aitetitioii 
IS not pud to exact des,^nptMW\ of the gtule atul distinction bet" cea 
whoIiNiIe {rties for small lots and retail pnccs is 
not made clear Soinetime> pnets of the sar>r 
voinmoil i> but of dilTereni qualities and at other tunes m*n 
when actual prices have charged the same o’d prices are quoted. 
In order that correct information inav U Kul draJers in staple 
commodities should be i*crsuadc'd to «end regular quotation* of 
the same commoJ t^ of the same quaht) These quotations mav 
be venhed b) proper supervision 

^^h Icsale prices of certain agricultural anl non ngn 
cultural articles for a few bgger town* of India arc avubbli. 
m a Slfllrmriif issued b> the Dipanment of Commer 

cul Intelligence and Statistics. Prices for the {vist fev 
months are also shown along with current prices so that com 
pari'on can be casil) made Bui when at limes continuilj 1 1 
monthly quotation* is broken the benefit of conpanbdit) is 
lost 

The General Indtw Nwnber of All Inki WholevaK Pnc« 
published until recently had Outlived its utility, since its base 
>ear was so old as 1873 the list of commodities had not beei 
revised since 1881) and it was unweghted Its publication 
has been discontinued ‘loce August ityii index Numbers of 
weekly vsholesale prices of certain articles m India’ with wcck 
ending 15th August 1939 as base are being regularly published 
now m the Sunry of PMftsejf Cond tions in Tndw 
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issued by the office of the Economic Adviser, Government of 
India. These index numbers are based on only 23 commodities 
and are unweighted. Geometric mean is used in their computa- 
tion. Against them stand the Calcutta and the Bombay Wholesale 
Price Index Numbers, which are based on much larger number 
of items and are weighted. Naturally, these index numbers, 
all representing wholesale prices in India, register a huge 
difference for the same month. The base of the Calcutta and 
the Bombay Wholesale Price Index Numbers is July, 1914, which 
should better be changed now. In addition to these index 
numbers, wholesale price index numbers for Madras and Kan- 
pur arc also available in the Monthly Survey. 

Wage statistics can be classed into three categories — (l) 
Factories and Mines, (2) other Urban Occupations and (3) 
Rural Occupations. The task of collecting statistics for the 
first two categories should be entrusted to Provincial Labotir 
Officers who may be appointed where they do not exist. 
Bombay’s example is commendable in this regard. Regarding 
wages of urban occupations, scanty attention has been paid 
to those working outside the factories in towns, e.g., municipal 
employees, artisans, porters, builders. The range of occupa- 
tions included is not comprehensive for towns. Wages for 
rural occupations are often quoted between wide range and 
the frequency of employment is not indicated. Classification of' 
urban and rural workers is inadequate. Therefore, an idea 
of general movement of rural wages is difficult to obtain. It 
may be suggested that in each district a small number of 
villages, where wages are paid in cash and separate occupa- 
tions are few, should be selected. Wages paid for the different 
occupations should be collected, care being taken to see that in 
each successive record the wages are paid for the same work and 
are strictly comparable. The unweighted average of the rates 
for each occupation would afford a fair measurement of the 
general movement of rural wages in a province. Wage rates 
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should not be quoted as varying belween two limits and 
frequency of cmplomcnt should so far as possible be 
ascertained 

Cost of LtMng Index Numbers are now arailable for 27 
different towns of India They arc {>ublished m the ifonilJy 
Suney of Busmen Coiditsons m India but not in the Siatislica' 
Abstraci This omission should be rectified Besides cost of 
living index numbers should be computed for other labour 
areas where vv3ge-pa}’mcnts are made on a cash basis so that 
public opnion may be kept well informed particubrly when a 
wage dispute turns on the expenses of Imng rurthcr, a separate 
index number for sabried persons, *av under Rs lOO a month 
IS worth attempting 

Trade Statistics -^Statistics of foreign trade ore araibbl- 
n the monthly and annual Ateaunts and S-'osdnent of the S<a 
lorit Trade and NaviQation of India as aI»o tn the annual 
1 of ihe Trade of India published by the Depanmtnt o' 
Commercial Intelligence and Suiislics They generally girv. 
the information that is practicable regarding the exports and 
imports of Foreign Merchandise, exports of Indian Merclw i Jise 
>ind total Exports under five roam classes These classes are 
(.0 Food Dnnk and Tobacco (2) Raw materiaU and { rcxiucc 
and articles mainly unmanufactured (3> Articles wholly or nwml/ 
manufactured (4) Living animals (s) Postal articles But since 
imports and exports on Government Account arc not given m 
as much detail as those on Pnv3tc Account rt is not possible to 
arrive at the total trade m particular commodities This short 
commg should be made up 

Statistics relating to inland trade are now available m the 
Accounts Relahng to the Inland {Rail and Rner borne) Trade of 
ind a issued by the Department of Commercial Intelligence and 
Statistics Similar statistics were published by the Department 
of Statistics upto 19^ The presait senes retains m essentials 
the form of the older publication and is a monthly production 
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The trade dealt with in the publication falls into one or other of 
the following categories : — 

(i) Trade of a province witli other provinces, 

(ii) Trade of a chief port or other ports with the pro- 
vince in which such port or ports are situated, 
and 

(iii) The trade of a chief port or other ports with other 
provinces and ports. 

In addition to the above publication, Accomits relating to the 
Coasting Trade and Naruigation of India, Trade Statistics 
relating to the Maritime States in Kathiazuor and the State of 
Travancore are also monthly published by the Commercial 
Intelligence and Statistics Department. Thus a good account of 
India’s trade statistics is available. 

The C^asus Reports.— Census of population is gene^iy 
taken every ten years in India. Sometime before the date fixed 
for the census, a Census Commissioner is appointed, who selects 
Superintendents of Census for each province and native states. 
The Superintendents select honorary Census Supervisors and 
Enumerators for each district or locality. Enumeration is done 
tlirough the municipality in a town and tlirough the Tehsildar 
in a rural area. Indian census is unpaid. To take the preliminai/ 
census tlie enumerator visits every house in his block sometime 
before the census day, and collects the required information front 
the head of each family. Then, on the night fixed for ^thc 
census there is a simultaneous country-wide count. The 
collected data are scruitinized, classified and tabulated to 
produce the census reports. These reports give valuable 
information relating to the distribution and ^ density of 
population, vital statistics, urban and rural population, age md 
sex distribution, civil condition, infirmities, occupation, 
literacy, languages, etc. 
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The last census v>-as tahen on ist March 1941 It puts the 
estimate of population at 3890 miliions • of A\hich 87% is rural 
and J3^ urban The one-night enumeration whch Avas adopted 
upto the census of 1931 tras in 1911 replaced by a period sj'stein 
It enabled the number of enumerators to be haUed as agamst 
the number emplo}ed tn 1931 Schedules used formerl} were 
abandoned Instead enumeration was earned out directl) on the 
slips which were later sorted to produce tables A new feature 
was the taking of 1/50 random samples of the entire population 
to be used for making se\eral deductions Religion as cnlenon of 
census diffcrenlistton had seieral drawbacks and was substituted 
bj the concept of community And, some such new questions 
as the age of mothers at the birth of their first child and the 
number of children born were introduced Returns for this 
question would help the computation of net reproduction rate for 
the country 

The short-comings of the census reports are man> There 
IS a marked lack of uniformity m the cbssification of occupa 
ticms from census to census A study of occupational structure 
of the country is therefore, rendered difficuh Further th* 
distribution of industrial workers into emplojecs and those 
working on their own account is not atailable Nor are th” 
parts of the )car for which a worker is cmplojed and the parts 
for which he is unemplo>ed known Under the circum«tances 
It IS difficult to formulate a sensible ocaipational plan for the 
country 

Indian age-rctum» are adnnUcdly inaccurate mainlj because 
of the Ignorance on the part of the informants of their precise 
age Besides ignorance, there are some psychological 
reasons toO The age-penod of g,rls from 10 >ears to 15 >ears 
a defective m numbers because of the unwillingness of some 
people to admit having uomamed daughters, who, according 

• laeluf re ot Boma tte tout pepnUtloa would be over 400 mUlloiu. 
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to custom in tlie community or religious injunction, 'should 
have>een married by then. For widowers and bachelors, 
particularly if they have a wish to remarry, there is a tendency 
to under-estimate their ages. ^ Recently married girls and 
particularly those who have become motliers tend to over- 
estimate their ages. The old people have an inclination to 
overstate their ages. Again, there is a marked preference for 
stating the age at a digit ending with zero or five. Enu- 
merators are instructed to correct ridiculous returns of age. 
If they are conscientious, tliey do it by asking the person 
concerned questions about his age at the time when some well 
known event in the past occurred. But with the limited 
ability of the enumerators it is highly doubtful that the)' are 
m aU cases competent to detect the wrong and verify^ it. 
Indian custom permits only the female investigator to verify the 
information about pardanashm ladies. Such investigators should 
be appointed. 

Returns for civil condition in 1931 exhibited an excess of 
married males over married females, whereas in the previous 
censuses the ratio was reverse. The reason for this was the 
promulgation of the Child Marriage Restraint Act (Sarda Act) in 
^930i because of which those people who had married their male 
children under 18 years and female children under 14 years may 
have hesitated to disclose the truth for fear of prosecution. 

Infirmity is very much concealed, particularly among females. 
Deafness of children is, in many cases, kept a secret. Insanity 
and blindness are generally matters of personal temperament. 
Leprosy is infectious at an early stage when it cannot be detected 
by the lay eye of the enumerator. 

Accuracy of census returns depends to a large extent on 
the capability of the enumerator and also on the general 
circumstances prevailing in the country at the time the 
census is taken. The census enumerator constitutes the front-line 
force, and if he is not given adequate training he cannot be 
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expected to hit the inaik with piecision m all. cases It is 
no wonder if the blank forms used m i^i could not b<. 
filled in correctly by many an enumerator since the forms 
were not simple and the enumerators were not given 
adequate training Training of the enumerators is no doubt 
necessary but along with it supervisors too must also be 
piJvtd up from among those possessing a Vmovledgc of 
statistical methods and \va3s of conducting demographi 
enquiries 

Circumstances oblainiog m the country at the time ot 
census operations have a great part to play The effect of Sardi 
Act has already been pointed out Further when the distribution 
of scats in the legislatures local bodies and government service# 
IS based on tlie relative strength of the persons belonging to 
d fferent religions it is not unprobable that some people 

exaggerate the number of members in their family— something 
which an ineffiaent enumerator cannot nlways delect This 
factor IS bcl eved by some people to have caused an over 
estimation of the population in 1^1 Again if secrecy of 
census returns is not ensured and people have the apprehension 
that the returns may be produced m a court of law as evidence 
of age or of a marriage aga nst the provisions of the Sarda Act 
wrong retums would naturally result Secrecy should be 
ensured. The Census Act should be made pennanent and a 
permanent staff should be appointed at the centre to work up 
the material collected at each census The prcstnl system of 
set! ng up the whole census machinery hastily before tl 
census and disbanding it alter the publ cation is complete wherebj 
the cxpenence gamed at one census is not fully utilu^ at the other 
should go lUsental informaDon for each district should be mad* 
available «i booklets Tabulaticin should be done bv 
machmes. 

The above su^eittoos arc not meant to be exhaustive 
but they do indicate the Imes along which improvements c-nn 
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be effected in tlie Indian census. Improvements are neces- 
sary because the census has great potentialities. Of course, 
the census is primarily meant for administrative purposes, 
but it also affords much valuable information for the 
economist, the sociologist and the businessman. The eco- 
nomist, for instance, can study, on the basis of census figures, 
the population trend of the country, its occupational structure, 
and the increment in urban population. Utilizing other relevant 
data along wth these studies he can trace the correlation 
between population-growth and food-supply, between occupational 
changes and die effect of granting protection to industries, and 
between increment in urban population and decay of rural 
crafts. The sociologist may study die possibilities of effecting 
refonns in respect of, -esy, ages at which people should marry, 
or arrangements that should be made to bring down infantile 
mortality. 

Businessmen do not always realize that the census reports 
contain information which is of an important nature for them. 
If they do, many of the problems they are confronted with 
can be properly attended to. India has a very large volume 
of internal trade, and every human being returned in the 
census is a consumer. To the businessman a knowledge of h's 
consumers and their location is evidently of immense aid. Again, 
with a knowledge of the density of population of different areas 
an estimate of the areas where development of markets is likely 
can be made. The higher the density of a certain locality, the 
greater is the market there. The selling cost will always be 
low since delivery seivdce in a dense population is cheap. Further, 
knowing the number of inhabitants in a town and the quantity of 
goods the businessman had been usually selling there, it would 
be possible for him to compute the per capita consumption. And, 
if this per capita consumption shows a fall for no valid reasons 
other than lack of efficient push the businessman can launcli 
an intensive selling campaign to increase his sales. The 
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class for \\h ch his goods are speciall) meant say ladies infants 
mil larj people can be approached in a business like manner 
Btside«, occupational statistics would tell the businessman whe- 
ther a certain area is mliabited by the poor whose purchasing 
power IS low He should then sec if his goods are meant for 
such a class If not he would be wasting monej over trjmg 
to gam a foothold in that particular area He would also be able 
to gauge the present and future supply of labour on the basis 
of occupational staiiatics and make adjustments accordinglj 

A traneport ageiicj say a railwaj would find valoabli. 
nformation m the census reports The area which is densely popu 
lated or would be so populated if only the means of transport 
are impro'cd or introduced should recei\e the first attention 
of ific transport authont) Such areas would also be good 
for ad\crtisng agenaes to push their advertisement among the 
cl ss of people to which iheir goods relate Producers of stapl- 
commodities and manufacturers of industrial goods can equally 
benefit from the material collected at the time of census operations 
If the population of a town falls demand m that area will fall 
unless the demand of the existing popubtion nses proportionately 
Chang s in the sex ratio in occupational structure or m ag<* 
ompos uon are likely to affect the demand for goods Similarly 
1 fe insurance companies may compare their estimates of expec 
lation of life w'lth those published in the census reports and sec 
that their premium rates are properly drawn up The legisU 
tors shall be able to studs tic necessiU of framing leg shine 
provisons for remOMng the ills from which society suffers upon 
a studj of infant mortality fertility rate sex ntio infirmities 
Numerous other uses of census figures can be thought of All 
that has been said so far ind cates the immense >alue of the census 
reports to d fferem people It is impcralm therefore to make 
the Indian census reports up-to-date and as useful as possible 

Mtal StoUsUcs^Tlie tital statistics of India are admittedly 
defective Figures published m the Statis^el Absiratt are 
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definitely misleading. The system of registration of births and 
deaths varies in different provinces. Generally, they are kept 
up by the reports of \-illage officials in rural tracts and by 
municipalities in the urban areas. The reporting of births 
and deaths is an irksome duly which the village headman, 
illiterate and ill-paid as he is, often neglects. Tn the case of 
births he is verj- likely to wait and see whether the child would 
remain alive to save himself of the worry of making a second 
report of its death if death soon occurs. He hesitates to report 
deaths to avoid the unwelcome visits of the unduly suspicious 
police officers. He generally holds up the reports of births 
and deaths for a weekly or fortnightly visit to the tchsil or 
taluk he.idquarters. The records in towns are said to be more 
imperfect than those in villages. A clearer appreciation of the 
population problem of India would have been possible, if only 
vitaf statistics were accurate and complete. The census reports 
of 1941 might be able to tlirow some light on the net-reproduction 
rate in India, without whiclt knowledge it is impossible to lay 
down an}' sensible population policy for the countr}'. The system 
of registration of births and deaths should be brought up to the 
level reached in other countries. It may be suggested that the 
list of persons to whom such daily occurrences may be reported 
should be widened, and an organisation should be established at 
the head-quarters of the Central Government to deal with these 
day to day instances. 

National Income. — ^Thcrc are no official estimates of 
the national income of the country. The unsatisfactory character 
of the statistical material available in India for measuring the 
national income, as found by the Indian Economic Enquiry 
Committee in 1925 and the Bowley-Robertson Committee in 
1934, has already been referred to, and some of the major defi- 
ciencies that exist even to-day have been pointed out in the 
foregoing pages. It is unfortunate that the valuable suggestions 
and plans set out by these tAvo committees for measuring the 
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national income of the cotmlr} ha\e all foundered on the rocl 
of financial stringencj 

National income is the mon^ measure of the net aggrt 
gate of commodities and smiccs accruing to the inliabitant 
of a country during a jear Three methods of measunng it ar^ 
available Census of Production Census of Incomes and 
Occupational Census Of these not even one method can be 
followed to its full in India so long ns the statistical data remain 
as meagre as they at present are and also so long as no cen ral 
'itatistical organisation is set up to supervise and co-ordinate 
economic surnejs intensive and extensive rural and urban 
The suggestions made by the Bowie} Robertson Comm It's for 
the measurement of national income need now when economic 
plann ng is the Got eminent s declared pol cy more than cier 
before a close and sympathetic attention of the Goiemmcn 
A summary of these suggestions is given in Appendix III * 

Iiispite of the admittedly insufficient and not icrj reliaW* 
stat stical information estimates of national income and incom<* 
fer cap ta for India have been attempted by i-anous people from 
t me to t me In using them it must not be forgotten that 
they ire n ere estimates and are based on deficient stitistics 
The folio ling fable should be carefully studied m th s 
connection 


Esitmaf^s of Income per capita for India 


Estimated by 

Year for which 
estimated 

Estimated income 

Per capita in Rs 

Dadabhai Naoroji 

1S6770 

20 

Sir David Barbour 

1882 

27 

^7$ 

30 

IVilliam D sbi 

1898-99 

Lord Curzon 

VVadia L Toshi 

1900 

1913 >4 

Sliah &. Khambata 

ig-i 

67 

Findley Shuras 
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EXERCISES 


(i) Explain, with examples, the important sources of errors 
in the census returns. ' How can tliese errors be avoided ? 

(B.Com., Alld., 1933). 


(2) In what respects are the statistical data, available in 
India, deficient from an economic point of view? How can this 
deficiency be removed? 

(3) In the Census Report for 1931, tlie Census Commis- 
sioner for India observes: — 

‘The error in tlie numerical count has been put at a maxi- 
mum of one per millc and is probably less.’ 

Comment upon this statement. 

(B.Com., Alld., 1935). 


(4) What are the present sources of wage statistics in 
India ? What measures may be adopted for remoHng their gaps 
and other defects? 

(M.A., Patna, 1940). 


(5) Explain the main defects of the statistics of prices and 
wages in India. How can these defects be removed? 

(B.Com., Alld., 1938). 


(6) 'The statistical publications relating to the decennial 
censuses of population in India leave little to be desired. 

(Indian Economic Enquiry Committee Report) . 

Comment. 


(7) Discuss the method recommended by the Bowley- 
Robertson Committee for the measurement of the National Income 


of India. 


(B.Com., AIM., 1940). 


(8) What metliods are usually adopted for estimating the 
national dividend of a country? To what extent, in your opinion 
are recent estimates of the ‘national dividend' of India reliable? 

(M.A., AIM., 1935). 
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(9) WTij IS an econanic sunej of a countrj considered 
essential before adopting a programme of economic ae\c]opnient’ 
How would \ou conduct an economic survey of India’ 

(MA, Alld, 1935} 

fio) Describe bne^ the nature and sources of the data 
Used in the Review of the Trade of India Arc there an) gaps and 
leR-ets m this account’, 

(M Com I,uck , 1942) 

III) Explain the important sources of bnssed errors in the 
colkxtion of data regarding wages prices and >ield of crops m 
India How can these errors be avoided’ 

(B Com Euck, 1938) 


(I-) How would >oti o^msc a Central Statistical Bureau 
tor India’ Explain clearly ns mam functions 

(BCom.Euck 193S) 

lO Give the Blank form of a census schedule used m 
f/tdia iVTiat improvcmenis wouW jou W fftc schedu/c’ 

(BCom Euck 1939) 

( 14) Di«cuss brief!) the methods of calculating National 
Income How far are tnesc methods available for caieuUimg the 
rational income of this country’ 

(B Com , Bomba), 1936) 

(I3) What statistical information is av’ailable m India with 
regard to (o) Imports and Exports (fc) Pnees and (c) Agncul 
tural statistics’ Examine their suflknemy 

(B Com , Alld , 1943) 


(16) Discuss the possiWe value of Census Reports to pro- 
ducers manufacturers and businessmen How can the Indian 
Census Reports be nude more useful to these people’ 

(MCom, Alid, 1943) 

Slo Pnei*'’' Agr.ouKu,e (b) 


(M Com Alld 1^3) 
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(18) How will you estimate the wealth of a country? 
Discuss the problem of organizing a census of economic 
production in India. 

(B.Com., Agra, 1939). 

(19) Write a note on the inadequacy of statistical data in 
India for sociological and economic inquiries, suggesting methods 
for removing the inadequacy. 

(20) State what you can about Indian Vital Statistics. Do 
they throw an)- light on the causes of India’s poverty? 

Or, Discuss the available sources of information in respect of 
India’s trade, both foreign and inland. 

(B.Com., Agra, 1940). 

(21) What are the present methods of collecting agricul- 
tural statistics of acreage and yield per acre ? Discuss the accuracy 
of the methods followed. Can you suggest improvements specially 
for permanently settled areas? 

(M.A., Cal., 1936). 

(22) Describe the present method of occupational classi- 
fication followed in Indian censuses. Do you consider it 
satisfactory? 

(M.A., Cal., 1936). 

(23) Point out the main sources of error in the Indian 
Census Report, and suggest methods for avoiding these errors 
in future, ' 

(M.A., Agra, 1943)- 

(24) If you are asked to compare the economic effect of tlie 
present war on India with that in Great Britain, what statistics 
would you use? 

(M.Com., Luck., 1942). 

(25) Discuss the utility of the data regarding occupations 
collected at the time of the last census. How can these data be 
utilised in estimating the National Income of India? 

(M.Com., Luck., 1942). 
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(26) (o) Bncrt> tnumerate ihe causes of high infaiitiL 

tnortality in India and suggest the steps lo be taken to bnng down 
the rate ^ 

(6) E'eanune the relnbilUy and sumaency of stalls 
tics rclaline to such infantile mortafiu m Inda 

(B Com, AIM 1^12) 


(27) do >ou umkratand bj the net reproduction 

ratc^ How maj this be utiliznl for estimating the fu’orc popula 
lion of a com try’ Arc there inj special dithcultics tn the case 
of Indui’ 


(Mjk Alld, 19-12) 


(rS) What kind of information on «ocial and economic 
subjects IS arailible m 

(a) The Monthly Survey of Busmc«s Conditions to 
laiia (h) The Stausural Abstract of India, 
(c) The Reiien of Trade (d) The Bombay 
Libour Gaiette (^) The Indian Census Reports and 
(/) the Capital' 

(20) Gin* the general method of preparing crop forecasts 
issued by the Department of Commercial InteUigence and Slatis 
tics in India Suggest measures for improving their accuracy 
and usefulness 


(tp) Txamme the deficiencies m tic following puhlica. 
lions and suggest improtements to make ll u 1 ore useful to 
economists ami businessmen m Ind a — 

(o) Statistical Absiiact of India 

(h) Area and \ield of Pnnapal Crops in India 

(M Com. Alld,i944) 
(31) The statistics even of crop productu n lea>c much to 
be desired while statistical mfonnations about other important 
parts of agncultural income such as the output of animal hus 
bandry are almost completely lacking and statistics of industrial 
producUon are patchy m the extretre (B R Committee 


Pro\e the correctness of the 
from Indian statistKS and « 
the defects 


®bo%e statement by taking 
'«g8«t measures for removing 
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(32) Give in broad outlines tlie salient features of the 
Bowley-Robertson report on census of production in India. 

(B.Com., Luck., 1944)- 

(33) W^rite a short essay on (a) Official Statistics in India, 
or ( 6 ) War and Statistics. 

(B.Com., Agra, 1943)- 


(34 What are the sources from which statistical data relating 
to large scale industries in India can be obtained? 

(B.Com., Nagpur, 1944)- 

(22) In what respects was the Census of India taken in 
1941 different from that talcen in 193 ^^ 

How far, do you think, are the returns relating to age, 
civil condition and infirmity made during census operations in 
India accurate? 

(B.Com., Alld., 1944)- 
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CLASSIUCATION AND TABULATION Of DATA 
CLASSIFICATION 

Statistical dataj coUgclcd in tlie course of an inquirj 
concern a number of units of one kind or another which 
t^ether form the group relating to the inquiry A statt«ttcal 
group couHTts of a large n^bcr _of things or individuals- 
haalng something in common but differing from on e ano ther 
in respect of some measurable characier^ics Tor example 
students belonging to the same colfege may differ from one 
another in regard t o^their a ge q mI cond lion pr^height But 
together they constitute a group A statistical group is \erj 
large so that no one on appreciate at a gbnee or eten after a 
careful study the mformanon relating to many units A 
reading of a tho usand or more schedules retur ned by tlie 
students of a" “college respecting their age~ weight J eighty etc 
^mnot enable the reader to get a proper ida nf^the .. detaiL 
mentioned Some process of condensation must be devised 
for the purpose TJ s process yields statistica l _Jabl^ But 
before tables can bi prepared the different units must be 
grouped together into classes so that the like will go with tht 
I ke and the unlike with the unlike D».ta Is would necessarily 
be lost since the mdvidual tmts would be merged in a cbs> 
For instance all those students who return themselves as 
married shall be placed— la one class _lhe unmarrie d m 
another and tht. widowed in the third From the table that 
shall then be prepared none shall be able to identify turaself or 
herself since he or «he shall be merely one m a class composed 
of those similar to hun or her in respect of end condi 
I on This process is called Clascification 

9i 
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“ClassiOcation is the process of arran^g things 
(either actually or not3(maUy) in groups or classes accord- 
ing to tlieir resemblances and affinities, and pves expression 
to the unity of attributes tliat may subsist amongst a 
diversity of individuals”.* 

The objects of classification arc many. It clearly shows 
points . oL. sumlarllv_imd--diss»milaritv. It lielps one to fonn 
a mentaljicturc .oLthe_ objects he can see or cp ncci vc. By con- 
densing the details j t saves o ne fro m mental stra in. It affords 
•an appreciation of the information that would otherwise have 
been left out as perplexing or unimportant. It prepares the ground 
for enabling comparisons and inferences. It institutes a logical 
and orderly arrangement of things. 

Importance of classification in statistics cannot be over- 
emphasized, and yet it is _somcth ing .for_which no-very_precise 
rules can . beIJai3Z3ou'a7 Skill and patience are, no doubt, 
indispensable ; but as in collection of data so in their classifica- 
tion, experience alone will c onYincc. -One gf_ihe.— requisite- care 
that sKoulcTb^ taken to avoid blunders and save time. It may 
be^dliailiFf aff“y3cH“'cIassificatl6n should" pbsiess the merits 
of being unambiguous, stable and flexible. It should not leave 
room for doubt ; it should be stable enough to render comparisons 
and, jL .should be so jlcxible. as to incorporate new- ideas 
as they materialize in future. 

Classificafioii is determined by tlie characteristics 
possessed by th’e individual units of a group. These 
characteristics are of two kinds; descriptive and numerical. 
Descriptive .characteristics comprize of attributes or qualities 
possesse fl"by~ ~bb je^jqrjjndividuals, such qualities not - being 
quantitatively measurable. Characteristics like sex, civil condition, 
&ste,'Teligion--andinfifmity are descriptive. Numerical characteris- 


li. E. Connor, Statistics in Theory and 'Protatice 1936 ed. p. 18. 
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ucs ars so caUe<^b<.caus« lh«qr W susceptible_ Qf_quanHlative 
mtesnrenienr^gc height in^e weight are numerical clnrac 
tenstics Classification of p\cn data b> dcscnptnt charac- 
teristics IS generally called classification according to attrihiite^ 
while that bj numencal chanitinstics is toinmon^J^^nowu as 
classifi^Tioiraccording to class mtcr>als 

Classification according to Attributes 

Descriptive charactcristiis can be classified by mean* oi 
sonic natural or physical lines of deiinrcation Natural or 
physical difierences detemiine the classes into which units 
should be placed It is easy in these cases to separate th- 
similar from the dissimibr characteristics For instance 
population of India may be classed into male and female 
literate and illiterate blind and not blind Thus when on 
attribute is noticed two distinct clashes are formed These 
two classes are exclusive of each oilier If the members of one 
class possess the common quality of bemg males those of th** 
other are devoid of it A cla>sification of this type where 
each class is divided into two sub-classes only is called 
Simple Classification or ClassificDtlon by Dichotomy 

Where more than one attribute is studied several classes 
tnay result For instance the population of India may no! 
only be classed into males and females but males and fenial»s 
may be further subdivided into literate and illiterate such jj 
male (iterate atsd female Iterate male dlfteratc and female 
illiterate Oass fication may be earned still further for instance 
according to occupation A male hteme may be a teacher a 
female Lterate a stenographer a male ill terate may be a 
a female illiterate a maid servant Further classification accord 
mg to religion or caste is yet possible Numerous classes may 
thus be formed A classification of this type where each class is 
dmded mto more than two Sub-das-ses is called Maslfohl 
ClasslficatSon. 
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The following brief classification of languages of India 
affords a good example of manifold classification : 

A. Languages of India and Burma. 

(i) Austric, (ii) Tibeto-Chinese, (iii) Dravidian 
(iv) Indo-European, (v) Unclassed. 

B. Languages of other Asiatic Countries and Africa. 

(i) Indo-European, (ii) Tibeto-Chinese, (iii) Semitic, 
(iv) Hamitic, (V) others. 

C. Languages of Europe. 

(i) Indo-European, (ii) others. 

It is necessary to state that in classification according to 
attributes the boundary line between different classes, though 
artificially set, is definitely made before the work of classification 
begins. For instance, the decision as to who would be recorded 
as literate and who as illiterate is made before actual classification. 

Classification according to Class-Intervals. 

Numerical characteristics can also be classified by assigning 
arbitrary limits. The ages of persons, for instance, are of in- 
definite ^variety ;_so also’tarcLiieights or ' weights. But, the "entire 
range of ages, heights or weights, from the lowest to tlie highest, 
can ,be, .broken ^ up_ by;_dra3ving arbitrary boundary lines, 
and^ those units which are nearly alike in respect of a particular 
character' put" together in one class. Thus if the ages of a given 
group" of 'people vary from' 25 to 44 years and it is desired to 
divide the group into four classes, the boundary lines would 
preferably be fixed on numbers 25, 30, 35, 40 and 45 years. 
These boundarj' lines are known as the class-limits, the group, 
constituted by two limits as the class-interval, the distance 
between two limits of a class-interval as its magnitude, and 
the number of observations falling within a particular class- 
inters^al as its frequency. Xn our example, we group toge^e- 
those whose ages are 25 years and more but less thav 'y^ars 

F 7 
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and place iluir number against the Chss interval 2^ 30 jears group 
tho e who arc 30 ^cars anti more but less than 3$ >«ir3 an I 
place ihctr number against the class mtenail 30-35 )cars and 0 
on Evidentlj the niagmiuk of our class mUraal is 5 jears 
\.nii IS the most common magnitude So far as possible the 
magnitude of all class luKraals should be uniform so that the 
labour of calcailating differtnt statistical constants naaj be 
minimised Even if i particular class intcraail contains no 
froquentv the class intiiaal must lie entered m its proper 
place olhenvis errors might be made in plotting the results 
The limits of the cfcis intervals should preferably be so fiNe I 
that the mid point of each falls on an ev en unit and not on a 
fraction One mght ask — How many groups should there 

be’ In answer it may be said that the number of class 
intervals is dependent on the nature of the inquiry In general 
a number of groups in the neigWmurhood of 20 is the most 
satisfactory provided the number of observations is reasonablv 
large Thus classification according to class intervals is obtained 
when a numerical characteristic is considered and each group is 
sub-divided into a number of ebsses or groups rather arbitrarily 
Table 1 on page 102 stands as an illustration 

The above ebss intervals rae 2^30 years 30-35 years etc, 
are expressed according to exclushe metliod, that is the upper 
limit of the one class interval is the lower limit of the succeeding 
class interval An it«n 2999 yeats would fall in the class 
mterval 30 years while an item exactly 30 years would be 
taken to the second ebss interval (50-35 years) This dvfficuUv 
can be won over by class fying the class interval as 2^ and under 
30 years 30 and under 35 sears and so on 

Class intervals are aEo expressed by the Inclosive method 
The above chss-imervals arranged according to the exclusive 
rnebii>;j would be expressed as 30-34 years etc 

according fEe inclusive trethod In this case the upper 
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limit of the one dass-inten'al is also included in the ciass-interval 
itself. The first class would include all items between 24.5 and 
29.5 )'ears. To be still more unambiguous, the class-intervals may 
be expressed as 25-29.9 }-ears, 30-34.9 years. But the inclusive 
method is not in general use since in adopting it the idea of 
continuity in the limits of class-intervals is lost. 

Statistical Series. 

If the quantities or values of some aggregate are measured, 
counted or weighed, or numbers in some group or class are 
counted, and the}' are placed one after another, the result is 
the statistical series. Briefly, .a statistical series may be defined 
as things or their attributes arranged according to some logical 
and systematic order. 

Time, Spatial and Condition Series. 

There are three bases of classification of data; time, space 
and condition. Accordingly there are three types of statistical 
series; (i) historical or time (2) spatial and (3) condition. In 
the first, facts are arranged with respect to time, for instance, 
index numbers of wholesale prices of wheat in India over a 
period of time detailed in chronological order. In the second, 
the controlling factor in presentation is place ; variations are noted 
geographically. Production of v/heat in India for a given data 
arranged according to different provinces would constitute a 
spatial series. In the third, variations in size and amount of 
things or their attributes are shown. The different measure- 
ments of natural phenomena are usually distributed about a 
norm. If heights, weights, or ages of students, or lengths of a 
number of leaves chosen at random are measured, the different 
measurements, when arranged in logical order, shall coirstitute 
a condition series, and it will be noticed tliat though the different 
measurements would var}-, a most common, predominant weight 
height, age or length of leaves would be found. We shall see 
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later fin Chapter \) that this 'most common' length is callcil 
the mode of the senes Condition senes take the fonii of what 
ire calkd ‘frequcnc> liblcs*, eg, table 1, page 102 

Continuous anil Discrete Series. 

Senes maj b«. continuous or distTetc When the items of 
a senes arc not capable of being determined with malhcmatidl 
accuracj, but arc a]ua>s measured b> apprceimation and can 
onlv be jhced uithin certain limits the resultant record is a 
continuous Mries. Table 1 smes a» an example On the 
contrary, where the items are exactly measuraWc and their record 
shoMS definite breal s bctwcin one xaliic and the other succeeding 
It the resultant record is a discrete or broken or dlsconflnuoas 
senes, for illustration see table 5, page J23 

Measurements of weights magnitude and xolume constitute 
continuous senes for apparently there isno limit to the sub-di\isioit 
of maunds nuks and galfon> The numbers of laliourers m 
factories, of spots m dice-throvisor of |wgc8 in books form di<cretc 
senes, Since they must give integral numbers and are mcapible 
of sub division. 

TADUDATION 

^ After the data have Iwcn classificil they may be tabulated, 
y/iha t Kf put .i nto pibuhr form Jabubtion stan ds for the 
jWstcipatl^ c a nd soentific pipsentation of quantltathiv 
^datd in such a_fonn as to elucidate the problem under 
(CCUlsideTation. Its function is to arrange m an orderly manner 
the answers Jo^lho^e questions wiUvwKlch the inquiry is ronc^ed 
Tables arc intended to summarize the information obtained in 
course of an investigation 

Rulm and Precautions for ITabulation 

So me precautio ns in drawing up tables are neecssarv Th» 
O may be grouped m rme table or several tables ' A 

^ smgle table shall, no" doubt, bring the entirr data into proxi- 
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mit}'; but i£ it is too large, it shall jconfuse the e 3 "e . and lead 
to great "diificult}'' in following the , columns and rows _at a 
giance. To do away with such inconvenience it may , be , 
broken up into several separate tables. Furtlier, s^eyeral ..com- 
parisons of different nature,. should not.be ^Jumbled.-pp Jn,one( 
table. ' Eaciilable should be a unit. Usuall y- there ..should..be,; 
^parate tables for different distinct purposes. Again there 
shoBa"'bT'~few"inam. divisions with several sub-headings^ tinder ‘ 
(^cliTjTf the number of headings is very large, the inain facts to 
be compared may not be adequately emphasized. Of course, the 
e^mct number of .divisions and sub-headings ^ shall l^deter- 
mined b}^ the data in hand. Each table should be so complete 
in its*^f "that it may not be uipre. intelligible by_re-draft-(^ 

in^g^ TlirTabirThould" suit the" size of the paper on .which 4t 
^drawn. So, the width of eacli column and row should be 
properly calculated and headings correctly arranged before 
the permanent table is ruled or figures arc entered in it. 
Totals, averages, percentages. and the. .numbers that_„&r.e_t,ci_be 
compared should be placed close, together,, andj^if^p.ossibler-tliey 
should be piaccd .in the_same vertical column gather— than the^ 
same horizontal row. Columns that are to be compared 
should be placed adjacent to one another. The .rulings., „in 
tables should be such.^that principal , groups are separated^bj' 
t ^ ick "ior multiple-ruled lines. Unimportant data may be 
grouped together and placed in ‘miscellaneous group. ^ Items 
which are in any way different from the rest of the items^ 
e.g., estimated figures, revised figures — should be marked with 
an ast'erisk or number, and an explanatory note given beneatn 
the table. The table shouM^e given a suitable title. . This 
_title jmd the btles of_subdieadings. should be self-explanatory, so 
that no refereiice. inAhfe text..or footnotes for Jlte .purpose, ..maj' 
have to be_ lotted up. The title should neither be too small 
nor ambiguous. The column-heading should indicate the unit 
used, as ‘height in inches,' ‘price in rupees’, ‘weight in tons . 
Large digits may be approximated and .mentioned Jnjtho^ands, 
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hlvhs or mill on« \ lablc maj shem ab'olu'c figutfs, increase 
or dccrc35« frtjm past \ears* figu"c«, percentages etc , according 
to the nature of comparison to be made All items should b* 
careful}} checked itelore mltnng tn the JiUe or totaHmg 
them up Arrangement should alwj be mailc in the table for 
tes'tng a cross-ch«k1r^: 'Hiere should be no c\er wntirg 
othen\T-c the neatness of the table uould be lost A wnlten 
analysis pointing out pnnapal conclus>on> and possible errors 
Mith probable rea<on3 for them, should accompanv the table 

Different tjTtes of TabuUtioiu 

In lerj genera! icnrs tabulaiion mar be dtsjmgujshetl a 
simple and comple’e A simple table contains data respecting 
one chanctenstic otili...infOTTitition relati ng to other character 
istics being left out. Table i t$ * case of «imple tabulation. A 
more complex table_tn3) contain figures relating lo seaeral 
cluratferi<tics, Tat^ a, 3 and 4. r^irtsent’thts t)pc 

, Tabulation is also classified as Single, Double, Treble and 
Manifold A dngle tabnlatloo is one that answers one or more 
grou ps of indepcn dert ijuestmn^ The following table gi\en 
the freijuencv di«tnbution of marks obtained ou' of a ma-ximina 
of 50 b\ the students oj a clas^ in thnr le*t in economics. 


Table I Frequency ^7Mfn^nfowJ of Merks ih Eeouomics 


Marks group 

Number of students 
(frequenevt 

<>5 


5 *0 

6 

10-15 


15 20 


20-25 


2a 30 


30-35 

4 





CLASSn-lCATIOX AXD TABULATION’ 01* DATA 


103 

The table is capable of furnishing a first appproximation to 
th^ answe^to^an inquiry into the_'_ordin^~^nafirs^*7~o^ta^ 
by the students in the test. It tellsj for instance that the 
numbe r of studeii^ gcttingl ^marlcs_ between.. 15 and 20 is^ the 
hjghcst as^corapared with, the number in any other group. A still 
simpler table will be one showing yearl}’^ variation of some 
characteristic, sa}’, progress of cotton mill industry in India or of 
trading profits of a company. 

/ Double tabulation shows the sub-division of a total ac- 
cording to two categories, and is capable of answering UvojnutuaJly 
dependent questions., Table 2 is an illustration of this type 
of tabulation. It shows the distribution of 376 industrial 
disputes of the year 1941 into (i) ditterent kinds of mills and 
(ii) different quarters of the year. 

Table 2, Indnsirial Dispuic hi India in 1941- 


71 

121 
78 
106 

Total j 149 j 17 j 210 j 376 


Total 


For quarter 
ending 


31st March 
30th June 
30th September 
31st December 


j Industrial Disputes 

I Cotton & 

.Woollen :»Ii)ls Others 



Treble tabulation sub-divides a total into three distinct 
categories and answers three mutually dependent questions. 
Table 3 is a blank table to illustrate treble tabulation. It 


shows the dist ribution of India’s populati on into u rban .and 
ru ral, for main religion's,"" m P roving.es,..., and .States -and 
Agencies.,.. 
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Tal 3 Ihjtr h I on ff In tut I ffuiJ n r ur\en orj ru'’at 
cccon! n<7 f tfirn r I n I r f j end Sis sat"! 


Rel R on 


*'fit -* i 

rroMThf^ \,.^ , To'al 





H niu 
Skh 

j." , 

Bu 1 II ft I 

<^Ttas rnn 

Mu>] n 

O n«f 1 ! * I 

J I 

Tr il 

Oh T< \ J 

T otal t j j 

Slanifotd (almlatlon ij »iw ih. I n a total lo i 
«^eral categonc* g« crall^ more than ih ^ The foil xir" 
bbnk labl dra\n to slow lie d irlwiun of jxjfubton in 
Tnd an I rov nces accor I rg wage 1 tt-n % an 1 aile ilIuMrates 
man fold ta! ubt on 
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Table 4. Distr\buU 07 i by age, sex, lUc)-acy and caste m Provinces of 
htdia. 



EXERCISES 

(i) Define Classification and Tabulation and show their 
importance in statistical studies. 
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(2) In cf llc-ciion ami tabulation ctwiiron sense is the clncf 
Teqmsrte ami experience is the «hie{ leachcT — Boisley 

\\ hat precduiions m >our opinion an neccssarj to aioid sta- 
ll tiial errors in iht collection and computation ol economn. data’ 
(MA Agra i^o) 
(3l WTiat liiiTerent \>pex ol tabulation do >ou knots’ Indi- 
cate their characteristics 

Draw up blank, labKs tu illusirale )Oor answir 
(4) Ext lam the Temporal Spain! Qualitaitvt aiid'Quanti* 
tatise bases of ilassifKaticoi 

( 3 ) Point out tlie mistakes made in the following blank 

table drawn lo show the d« tnbutmn of popuhlion according to 
»ex jn 1 liieracs in nsc t« wns m iht L P — 



Males I einales ] 


1 

53 

2 

1 

•ejllifej !•£ 

Number of ^ 
Literates 


— 

Number of 

Illiterates 

. " i 


tO; Ke-arrange the lollowing blank table with a new to 
make it more intellgible 


1 Urahniin 

Kaiput Kaiastha 

1 Hanian 

Sex 5^1 



1 

1 1 

" ^ 1 

- 

5 1 

>4 

! = 

3Iale 


1 j~1 



Female j | 


1 1 i 




(BConi, Alld 1940). 
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f 7) Draw up in. detail, with proper attention to spacing 
double lines, etc., and showing all sub-totals, a blank table m 
which could be entered tire numbers occupied m six industries 
at two dates distinguishing males from females, and among the 
Mer single, married and widowed. ^ 


( 8 ) Prepare a specimen form in blank, with suitable 
heading and spacing, for use in collection of data on one of the 
following : — 

fal Survey of trades in your districts. 

(&) Standard of living of middle class families in a small 

town. . 

(c) Expenses of students in a University. 

' (Dip. in Econ., Madras, 1931)* 


(q) Explain how you would tabulate statistics of death 
from principal diseases by sexes in different provinces of India 

for a period of five years. (B.Com., Cal., 1937)- 

(10) Prepare a table with a proper title, divisions and sub- 
divisiOTS to represent the following heads of information. 

(a') Imoorts of cotton piece goods in India. 

\b) From U. K., Netherlands, Belgium, Switzerland, 

Italy, Straits Settlement, Japan. 

(c) Amount of piece goods from each countr). 

(d) The value of goods from each co«mr^ ^ 

(c) Pre-war average, war a\erage, S 

1024-2^, 1925-26, 1926-27, i^2/-2o. _ 

(/) Total amount imported during each perio . 

(ff) Total value of imports during each period. 

(B.Com., Luck., 1930. 

(it) Discuss the function and importance of tabulation in a 
scheme of investigation. 


Prepare blank tables, showing the distribution of the student 
of a University according to age, class, and residence, for arraiig- 
ing (a) physical training, and (b) seminar classes. 
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(ij) WTiat preoutions would )ou take m tabulating jour 
data* Prepare a blank table to show the distribution of iwpulation 
according to sex and four religions, m fi\e age-groups, in seacn 
important cities of \3. P 

(BCom, Agra, 1937) 

(13) Draw up two independent blank tables, gi'ing rows, 
columns, and totals m each case summarizing the details about 
the members of a number of families, distinguishing males from 
females, earners from dependents, and adults from children 

(M A. Cal. 1935)- 

(14) W hat IS a statistical seno* 

DifTcrentialc between continuous and discrete senes Cite 
illustrations 

Also distinguish between ordinan and cumulative 
frequencies 

(15) Wntc short notes on 

Preauency table, ftequenej. class limits, class interval, inaq 
nitude Of class inten-al, titclusne ami exelusiii. methods of 
dassificalion treble tabulation, manifold classification 

(16) What are Ihe essentials of a good statistical table’ 
^Vhat rules and precautions should be obscncil in drawing up a 
table’ 

(i") Pollowing are the heights in inches of 53 students of 
a class Tabulate them bj grouping them in class intervals of 
file inches^ 

58. 56 5/. 57. 52. 53 56. 3t. 49 48. 47. 48. 49. 

60 63, 46 51, 60. 50. S3 54. «;>. S6. 57. 56. 54. 

59 60 47, 48 64 65, 63, 46, 62, 61, 42. 52, 53. 

52. 55. 54 52 52. 53. 55. 48. 50. 5t. 52. 66, 61, 

52 

(18) Prepare a blank table to show the I'alue and quantity 
of different kinds of exxton goods imported in*o India from 
different countries of the world during the past six aears 

(19) Classify the following according to attributes — 

(o) occupations m India, (ft) exports and imports of 
India, (c) wants of uniier^itj stndents. (d) book's of a college 
library, (e) religions of India 



( 20 ) 
factory : — 


CLASSIFICATION AND TABULATION OP DATA lOQ 

Following are the w'eekly earnings of labourers in a 


Earnings 
Rs. a. 'p. 
460 



No. of labourers 

• • 25 

10 10 

6 



. . 6 

5 9 

3 


• • 

•• 35 

5 I 

0 


. « 

. . 42 

6 II 

9 


. . 

.. 30 

7 12 

3 


. . 

. . 21 

9 9 

0 

• • 


. . 17 

8 2 

0 



• • 15 

10 0 

0 


. , 

.. 8 

5 0 

0 

• . 

. 

.. 52 


Tabulate the above data in classes of Rs. 4-5, Rs. 5-6 etc., 
and give a suitable heading to the table. 

(21) Draft tables to show the distribution of population by: 

(i) age sex and civil condition, 

(ii) sex and infirmities, 

(Hi) sex and occupations, 

(iv) age, sex and literacy. 

(22) How will you proceed to classif}' the observations 
made, and %vhat points will you take into consideration in tabulating 
tliem? Mention the kinds of tables generally used. 

(B.Com., Agra, 1941). 
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K Itt ptr unit IS callftl stflilstical co-o/Ildpnt. If tlie birth 
rate IS 30 per 1,000 tlie ci>-fffM:icnl is oj The chafacfcristic of 
this (.o<ftiuent is tint i£ it is used to inultipU a lowl, {eff, po- 
pulalum) an allied number (number of births) would be obtaiiied- 
Purjiose of Compuliti" StatlsHcal DerKTitUes. 

Simple dematnes arc computed to compare statistical 
groups In the computation of rate per cent , or rate per vultt 
obser\alions an rnlucctl to a c«muon deitoniiiiator anti com- 
(jarison is ilnrtbs fatilitatnl If m Unncrsitj A 9 ®® candi- 
dates wtre successful out of 1200 who nppcired, and n 
I nivtr'iii B fjSo passed out of 1400, a comparison of the 
*bs<J;u.ie number of suecevsful candidates — r/M and r)8o — 
without considering the number of those who appeared at the 
examination would lead one to deebn. the result of the II 
VniMrsU) ns knter tlian that of the But, when the two 
results are reduced to a common denominator, ca), expressed 
in (Arcentages, this impression will Iw renersed The percentage 
of successful canduLntes m A is. 

lOoXNumber of successful candidates __ tnoXgoo ^ 

Number appearwl ,200 

Similarly, the percentage m B is, 

lOoXNumber of successful candidates 100X980 
~ Number ai^icand ^ 

Both the results have now been reduced to a common denominator, 
100 It is evident that the percentage of success m A Lnivcrsity 
IS higher than Uiat m B University Therefore, A’s result is better 
than B s The usefulness of rebtive numbers for purposes of 
comparison is thus clear 

But rebtine numbers can also be used for another purpose, 
vts, computing the size of an unknown mass from a known 
one. The known mass *e. the rebtne number, may be an 
actual figure or an estimated one Relative numbers are often 
estimated when there arc no sufficient data for their computation. 
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Such estimates can be employed to know the size of the mass 
to which they relate. Statisticians have often used them to 
obtain the population figures of past times. If we knot”, 
historically, the number of artisans or beggars of a city or 
countr}’, we may make an estimate of the percentage of the 
entire population that the artisans or beggars probably 
formed, on an average, at the time under consideration, and 
hence compute the total population for that time. The estima- 
tion of the artisans or the beggars is made possible by the 
law' of statistical regularity : the ratio betw’een definite 
statistical masses is often fairly constant. This ratio can be 
easily estimated to be within certain limits. This holds good, 
for example, for the relationship between population and 
births and deaths. Every estimate, however, must be regarded 
as simply an approximate value. It may or ma)' not be 
accurate. Therefore, the size of an unknowm mass computed 
from an estimated relative number must also be regarded as 
merely approximate. 

But, where actual percentages are known the mass or 
population to which they relate can be ascertained to a con- 
siderable degree of precision. For, given that the number of 
successful candidates at a certain examination was 900, and 
this constituted 75% of the total, it is easy to see that the 
total number of candidates who appeared at the examination 
w'as 1200. 

Derivative Series. 

A set of relative numbers or simple derivatives of the same 
kind spread, say, over a period of time w'ould constitute a 
derivative series. The special feature of a derivative series 
is tliat it eliminates the factor or factors obstructing effective 
comparison: all figures are related to a common denominator 
and comparison is facilitated. A number of figures represent- 
ing burden of income-tax per head of population over 

' F 8 
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a period of time forms n demnlut series The senes would 
ehlmiute the main effects of tkmogriphiL changes Population 
on which the burden la computed may change >ct the burde-i 
per hend of jtopuhtion for one )rir sJulI be ccmparable with 
simibr burcleij for another Tear The actual hgurcs of populition 
and amount of tax would not be so ta«v to compare from ata'' 
to jear liccausc of their fluclmlions 

Ihc test of a dtntatnc mtics lies in its stabiiit\ which 
IS detennined b> mcasurts of dispersion flies*, mcasurts shall 
be discussed later (.in Chaper \l) but it will be useful to not 
here that liigher tin. degree of <tabihti greater is the rc 
liabihtj of a derwatwe ‘•ems To alum stabiht) some simpU 
precautions should bt kept in Mtw m computing stmp’e 
dtntaitives 

Rules and Precautions for computing DeriMitives 

Both the computanon and the use of relatne numb'r , 
need enuuon The rnlc should be to procure as much homo 
geneity m the data as possible For example general death 
rate for a town or a countrj niaj be computed bv niultipljm^ 
the number of deaths b> i ooo and dividing the product b> Iht. 
total population , but this general death rate or crude death rate 
as u Is called rebtcs to heterogeneous mass since deaths \ar\ 
wuh age and vx compositions of the population ^^e shall lai-'r 
lec fin CJnpftr \) hon this defext can be remedied 

In order that there inaj be no misunderstanding the basis 
of calculation of the relatiie numbers shoufd alw'a>s be gwen 
If we are told that the pnet of a cwnmodity increased lo per 
cent decreased 15 per cent increased per cent , decrease*! 
20 per cent and then increased is ptr cent oi or a period 
of tune It would be difficult to saj what exactlj the change o\er 
this penod was If the changes were hosed on the original 
price it wouhl be found that the change o\er the whole period 
was la'c on that price If howeter the changes were based 
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on the prices ruling at the time of each particular change, the 
change over the period ivould be found to be about 7.5% of 
the basic price. If the basis on which percentages were calcu- 
lated were known this \Tiriation in result would not occur. 

Again, percentages, or other relative numbers, should 
be used only when the factors which are to be expressed 
in percentage form are themselves comparable. If a com- 
pany whose issued and paid up capital was Rs. 150,000 

earned profits at a uniform rate of Rs. 15,000 per year 
for five years, its percentage of profits to capital would 
be 10 for tlie period. Suppose the company increased 
its capital to Rs. 250,000 in the sixth year and the profits 
increased from 15,000 to Rs. 22,500 in that year, tlie percentage 
of profits to capital would be 9 only. Then, if a table showing 
-only the percentage profits were prepared for the six years, 
it might lead one to conclude that profits had declined in the 
sixth year while, in fact, the actual profits had increased. In such 
cases it is advisable to show the amount of capital over the 
-different years, the total profits earned from year to year 
and in the last the rate of percentage profits. This would avoid 
•all fallac}'. 

Lastly, percentages should not ordinarily be used when the 
-number of items in one of the series to be compared is less 
than one hundred. Similarly, rates per thousand or rates per 
ten thousand should not be computed when the number of 
items is comparatively very small. Advertisements verj’- often 
appear in the newspapers: "Join X school. This year's 
results 100 per cent.” Another institution may have a percent- 
age of only 92. A prospective candidate may be led to think 
■better of the first institution. But, if on an inquiry it is found 
-that only 3 candidates appeared from X school and all got 
through, while 250 candidates appeared from the second 
■institution of which 230 came out successful, opinion will have 
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to be re\er»cd for n js alntjs more difficult to get the same 
percentage result from a mudi lai^r number Jlathematjcally 
both the percentages arc absolutely correct but stctishcally th-* 
percentage relating to the result of \ «chool js nOt significant 
It IS therefore again established that comparison through per- 
centages alone is not sufficient unless the data on T\hti.h thej are 
based are homogentou-. and capable of conipan«on 

Ratios 

To climimtc the chances of fallacious conclusions which 
might result from the use of percentages when their bases of 
calculation arc not specified some stati'tiaans cmphattcalii 
recommend the use of ratios tn place of percentage* Then we 
hall say that the price of the commodil) increased m the ratio 
of too 110 rather than that it increased lO^c 

But ratios mu<t al«o be used with caution otherwise 
wrong inferences might be drawn Suppose 800 candidates 
tppeared at a certain examination of which 6t?o came out 
successful The ratio of passes to failures is therefore 6 2 
1 urther supposing college A coached 500 out of the 800 can 
didates and of these 400 passed so that the ratio of the success 
ful to the faded candidates is 4 I whereas of the remaining 300 
candidates 2OO must ha\c parsed which gites the ratio of 
successes to failures as 2 i It might appear that college A 
achieved twice as good results ns all those colleges takin 
togrthtr through which the renniiimg 300 candidates appeared 
This conclusion is fallacious as it is not known whethe- 
all the 300 students were given adequate coaching or 
they simply appeared through certain colleges If they were 
not properly coached they did not stand the same chances of 
success as those 500 candidates who were given doe coaching 
It IS advisable, m such cases to show the ratios of all th- 
coaching institutions in order to ascertain which one of them 
''as really the be«t 
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Use of Simple Derivatives. 

Ratio, rates per unit, per hundred, per vnlles are wtdeiv 
used and easily understood. Sex ratio, cost per unit of output, 
income p^sr capita, percentage rate of interest, percentage of 
exports or imports to total rade, birth and marriage rates 
per tliousand, mortalit}' rate per ten thousand, burden of tax 
per head of population, net reproduction rate — ^fliese derivatives 
suggest the variety of field to v/hich they are applied. They 
are very commoJtly used in business, social and administrative 
statistics. 


EXERCISES 

(1) Define a statistical derivative, and point out the use- 
fulness of its computation in statistical studies. 

(2) Clearly distinguish between Subordinate and Co-ordi- 
nate derivatives. 

(3) What "purposes do statistical derivatives serve? Do 
tliey give the ivhole information about the series from which 
they are derived. 

(4) W'hat is a derivative series? How does it differ from 
(i) series of individual observations and (h) frequency dis- 
tribution ? 

(5) What rules and precautions will you observe in com- 
puting percentages, and why? 

(6) What are ratios? Why are thev' considered as better 
than percentages? 

(7) What precautions are necessarv in using ratios and 
percentages ? 

(8) Explain w'hat you understand by (a) amount of tax 
per tax pa3'er, (b) burden of tax per head of population, (ic) net 
reproduction rate, (d) income per capita, (c) yield per acre, (/) 
cost per unit of output. 

(g) Write a note on the importance of simple derivatives 
to businessmen, professional speakers, legislators and lavrnan. 

(10) Point out the ambiguitv- or mistake, if any. in the 
following statements: — 
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(i) The death rale m the American nax-j during the 
Spanish American war was nine per thousand 
while m the of New \orV for die same period 
It was sixteen per thousand It was safer, then to 
be a sailor in the Vracntaii luxj than to live m 
Aeiv ^ork Citx 

;2) 13*^ of the lo^l popubtion m lf> 4 t m India was 
urban as against ii^-r in 1931 Therefore, the 
number of towns in India considcmbl) increased 
during the decade 

(3I Population of liida increased t^^'o m 19}! oxer 
the populition in 1931 Therefore the consump- 
tion of food grams per head fell m 

/4I The increase in the wage of a hbourer was 20^ 
7 hen the wage decreased and again m 

creased 1 5^ Thereiorc the resultant increase in 
the wage was 10% 

(3) Lows 4rc muhipKmg ta ter than htanan beings in 
India T) c consumption of rnili b> bwnan beings 
IS therefore increa«ing 

6) 50 candidates appear^ from a college m the B A 
examiriaiion of which 60^ were successful an I 
two ohumed fir«t dviMoti From another college 
^ cand dates appeared ai the same examination and 
8o‘‘e pas<ed none being placnl in the first liitnsion 
The latter college showed better result than thr- 
former 

^11) The lollowing table shows the growth of Indiasr-opii 
lation as recorded b) <ucce«*ne census — 


lear 

187a 

iSSt 

iSgi 

1901 

1911 

1931 

1931 

1941 

Calculate the percentage increa«e 
oxer the preceding xears population 


Population 
(oooDOos omittv. 

■‘Ill 

250 

290 

= 9 a 


389 

lor each succe*sn 
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statistical averages 

Sm^Ie statistical derivatives, by themselves, m o, insufficient 
to give a summar}- description of the_ peculiarities of a_ scenes, 
nor can the}' be used as types representing the ^eiies. They 
throw light only on the relative ^aspects jpL a series, and aie not 
characteristic of the data. Therefore, some other method of 
precise!}' and concisely describing the series has to be devised. 
^This is the method of statistical averages. Tlrrough^^t a number, 
'representative or characteristic of the tntiie group, is computed, 
which affords the central, idetuof the series and can be used in 
place of the data. 

Statistical Average and its Object. 

Averaging is the process of condensation An. average 
is a single simple exjpresslon in which the net result 
of a complex group or large numbers is concentrated. 
It is a representative number of the group, its gist. An gverage 
brushes off the irregularities of a series, levels all differences of 
' the individual items and presents complex data and unwieldy 
numbers in a few significant figures. It thus gives a bird’s-eye 
view of an aggregate, and can be substituted foi individual items 
in further calculations regarding the series. It is a typical item 
representing the group and is, therefore, also called type. As 
such, it describes the group or tlrrows lig{rr*on its characteristics 
better than any other value in the group. 

There are Uyo , main q^ects jof computing a statistical 
average. One is to^ve^a concise picture of large group, 
to describe the series it represents. Thb other, tvhich follows 
from the fii st, is to aif^ord a basis of comparison with other 
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groups U tolUws thai an, astiage maj be computctl for its 
own <ik 01 Is a means to "mother ind which mas be com 
parison or imasurcment of dispersion' or of skewmess’ ot 
the Hrieb 1 his is quite c^eious I t is eliflicult to gmsp tho 
gn hcance of the ages of the inliabilsnts of a countrv ii wc 
are R\cn the ^e of eserj person in the countr> but the 
aw sTT'age of the jieople pf the counlf> is «omething definttL 
ml initlligible SimibrK t»o senes each containing ages ot 
enfTcrent~people in two countnes esm if compres>cil into a 
few magnilutte classes wall not alTon! a companson between 
th ag of the people in the two countnes If howcetr son e 
< n. o; avirage of the nro 5er>«> is computnl t'erage age* « 
thi. two countries shall be companWe it a_glanee And corn 
pmsOT ^f the i itTagc nge* sl^l u uallv b^ equU’aJent to 
ccmpinson L'eU «n the teTo's^^tes^'^*** 


lIomogerKit) of Data. 

tt IS nc*cessary tei sa> that the data from whiiii wtnge* 
•ire computed mu t be as largely homogeneou a* poss ble 
1 or if the d fferert tien $ are no al ke m relcNint aspcets there 
i« no disc in groupiig them together, and consecjiicnilv, r 
just h ation tor ernpottng ihcir averages The Comparts n o 
onli those averages jell reliable coneiusjon*' which refeiL-to 
l iOTogeneoi ls masses The eompan on of averages conjutid 

( from heterogeneous series nnj easilj m sltnl and is on'i 
relnblc under certain special cond tions T^e^ s,^,fjcance oi 
averages Usjn^lhc- fact lhau. the> exhibit the remit of th*" 
aai\iy_of_cpmplcx— causes., in oofe..-<haracterv,tic figure The 
average wage for instance of a given group of workers give* 
a_measure of the factors dUeniuning wages m that group It 
is imponam that ihis^ average should refer to as umfictl com 
plex of causes as possible emce theiv alone wiH U be reliable 


For ll sperj. on an 1 Cfcapter "Xt 
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for purposes of comparison or as a type. If the wages in two 
fact orie s,, are . determineid by quite different causes, the average 
wages for all the_ workers in the two factories shalTlri^ yield 
a trustworthy comparison. Hence the importance of homo- 
geneous series. 

Homogeneity can be attained b} (i) elimnatmg the__unlike 
from the like items and (2) dividing the like items into groups 
as nearly homogeneous as piossible. In our example, it will 
be necessar}^ to disregard the cases in which workers for 
personal reasons do not receive any vvages at all. Among those 
getting wages, workers may be distinguished whose wages are 
influenced by different and independent causes. They wdll 
have to be divided into more homogeneous parts, so that the 
averages may refer to an unified complex of causes, and thus 
be reliable for comparison between two periods or tv\o places. 
Our wage-earners may consist of males and females, the latter 
getting low'er wages. Tlwrefore, male workers will have .to 
be separated from female workers, and separate averages com- 
puted. There is still a possibility of these two groups being 
sub-divided into more homogeneous parts, e g . skilled male 
workers and unskilled ones. The extent to which homogeneity 
should be attained shall, how'ever, be determined by the purpose 
for whidi averages are required. We hear of the average tax 
per tax-payer as also of average tax per head of population. 
Both have different purposes; the first is a measure of the 
burden on tlic tax-payers only, the second of that on the whole 
population. 

' Kinds of Average. 

The following four kinds of average, or mean, are in 
common use. 

(i) The iilode, (2) The Median, (31 The Arithmetic 
Average, and (4) The Geometric Mean. 
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In 4 Mil n thrfe ire rtlwr foni* of average smh a? th* 
Ilurnicni NK-»n ^nO iW Qui^ritic Mtui \« lbe\ arc not »n 
coinii 1 n u <. 


/ niE MODE 

V 

M(H»e IS the valoe of that item in a vanahle 
winch oc curs mo st frequcntlj^ <r | rrpeatwl iht greatest 
niimUr^^* tin is It h» .»i the £«>« Kn rot~ c reate t ^en^'O 

TswA-wrcinea vt wvM iahowaWe Vt vh« 

uvual Jill n I kJ&unU- Mzc- uL i euj in i When 

Wik 01 t he iv etan. Atoilent iK ''tri^e wage ilu 3 \mge 
rTt ttc wc g-ncrallj impl' ih». n will ^ in i etit the nioJal 
wjgi ih mixUl rent It vvi >.i' that m iihJ nurk« ohtainetl 
\ tiiot'S_«_tn T cU sT ^ire 4 0 jwy_jnr*n ^th-\t ,o are iVe j reiionn 
r-an mark , 1 1 ■ t h e Jarge st iiuml»T of >>iiiilents secnrtd 40 
r^A* \» high as 70 irvrls amj js" 7 ow as 15 niark* an 
iscc<rfir 5 n« thtv ire imfch Ir frwimju«1 thi\ sre run 
mxlrfl 

, ^ nee mode i» tK r > t fmjuent '«e ii ai pears u is paa\ 

10 locj's it Rcall> > 1$ « if ih n is^i single well defined 
mode Then the size < f n or th». group C( niatiiin|j th-* 
rr'a'-sTn um fre<iu nc\ U nsih located in a fr«Lnenev inbe. 
But It t iniprt babl that there maj b? numerous ir rejitla 
ineTln tPjabfe so tin iho position of tbv nvxk would become 
indefinite amj motil size nruld not be ea«i 10 locale In «ucli 
cares frequencie s a re ^IjustedJ)^ the proces of grouping »c,b/ 
'nhicH \He frequencies f-iH until 
a m odat Siz e ot itcr n ot a iroilal group presents ,tsU} This 
r yjgal'Mze.n thejrode discrete series wlule vn a contmu 
oiw^efies the rnoife \ ill lithicatea >/ /fr^pfotion in the modal 
gro,^ on'iKl assuripiion thaMhe fntjuenaes of Uie groups on 
e:£ber *ide of the male mtfuence the -mode ui proportion lo their 
re<pecinc numbers 
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Location of Mode: Discrete Series. 

Example l. Required to find the mode in a discrete series. 

Table 5. Location of Mode by Grouping. 


Size of item Frequency 

m '• f 



The frequencies given in column (i) are first grpuped by 
two’s in columns (2) and (3), and then by threes, in columns 
(4)j (5) ^nd (6) and the maximum frequency in eadr column 
is indicated in heavy type. But no fixed point where frequency 
may be the largest is obtained ; the mode seems to change 
Avifh change in : the grouping. According to column (2) it 
may be 10 or’ ii,\while according to column ( 5 ) if fie 8, 
9 or 10. ' The following table shows the sizes of maximum 
frequency in different columns. ’ 
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Tat/X h Tah}< 



1 roni the above table v\c fi«Hl tliat lO is the si*c of itera 
whiefi IS most frcqucnlwl It is not true of in> olhir size Iht 
tnotle IS thcTcfOTc, knnte<l at lo 

\ glance at the frctJVHncwri itv colunvjv t I't table 5 mvglvt 
Jeatl one to thinb that ‘*i« 11 is tin mwlc sinie » co«!jm-> 
the forgest fretiuvncv ii> that eolunm ilui this impression i» 
corrected b) the process of grouping which clearly shows that 
mode IS influenced bv the trequinaes of the neighbouring size^ 
It {<! therefore eiidenf that « t not ihvivs tasv lo locale lh<- 
iwodc b> mere inspection Inspection can gi%e rthablc results onlv 
where the frequencies run fauU r^larh an«l mode is unque* 
tionabl) clear and well dehHi<| \Vi '‘hall cec it m the following 
example 

I>oc3tiOTi ot RIode Cowtlnuoas Series. 

Extmifle 2 Required lo locate the mode in a cnntinunii 
senes whose frequency distribution is givai m table i page I02 
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We find that tlie frequency distribution in the. said table is 
fairly regular 'and the 15-20 marks group indisputably contains 
the maximum frequency. Without any preliminaries we can 
sa}’ that the mod|; lies in 15-20 marks group. If we group 
the data, first in lo marks group and next in 15 marks group, 
and then prepare from the frequencj' columns an Analysis Table 
as we did in example i above, we shall arrive at a similar 
conclusion. Having known the class containing tlic maximum 
frequency we shall locate the mode in that class on the assump- 
tion already noted, vie , accoi'ding to the weights or influence 
of the neighbouring groups. 

The formula for it will be as follows-^ ; 


S 


where, Z stands for the mode,* 

?i and /o stand for the lowel- and upper limits of the modal 

group, 

fi stands for frequencies in the modal group, 
fo „ „ „ next lower group, 

fn ,, „ „ next higher group. 

Applying the above formula we ha^e, 


.Z=16- 


16-10 


32-10-12 


(20 - 1.0) 


= 18 marks. 




This formula; it is held, is moie accurate tlian the customary formula. 


/2+/0 

* In all our further calculations mode ^\ill lie lepresented by ‘Z. 



126 


■SIATJ-^IIIS THCORY AND PRACTICl. 


rill, irxcsb of grouping is in fact a mtthod of smoothing 
out tilt, irr'giilanius of th«. series and can l«c protitablv cniplo\ed 
tun in a irifs which does not appnr to be irregular Rather, 
It shoui 1 bt resorted to m all elanentirv work 

III exceptional casts where the distribution of frequencies 
IS \cra irregular two « r m rt groups on either side o/ the modal 
class mrcnal nu) lit u «1 as weights But recourse *houl 1 
not lx had to t if the «encs is multi modal It shoui I be ro ed 
that ill crus do n posse s a sngle or men i well defined mod 
So IK art bi mrxlal onu tri modal i* hi\c more tlian 
one n rxle whdt others can hardlt be sail to pos<eSi a mode 
at all Therefore tfTorts should not be wastetl o\er forcing the 
appearance of an exact mode whtn m fact one does not 
exist True mode should not be expected in a sene* which is 
rnflffcfdit asammetncnl ’ 


^^dtuntages of the Mode 

1 It IS easiti understood and l«s a general and precise 
usage. 

2 It el minatca extreme (and therefore abiionnal) sana 
tions That i« its \-tlue is not affected bj slraj items differing 
much from it in their a-alucs 

J hor Its delciTmnatJon it is not necdsar} to know the 
extreme items except that thc\ arc few Onh the size of th 
middle items need be known 

4 It refers to a measurement srhosc expectation in the 
senes is the greatest That is it is the most likely and not isolated 
example. 

5 It can be located ba mere inspection in certain cases 
-Disadvantages of the Slode 

I It IS frequently ill-de5ned and indefinite A modal siz<* 
of city mav conaej any meaning 


For pr«ei*e meanag of asymmeltir#! serioa eee Chapter XI 
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2. It is often indeterminate and, therefore, difticult co 
locate. 

3. It is incapable of being located by an} simple arith- 
metical process. 

4. It rejects all exceptional instances and is, therefore, 
not useful m those cases where r\ eights are to be given to 
extreme lariations. 

5. It may not be fully representative of a group in which 
items of uniform size are comparatively small. For instance, 
if in a community of 200 people only 4 people earned Rs. 30 
each while the earnings of the rest were at an}’ figure other than 
Rs. 30,' and no other four people received an equal amount, 
Rs. 30 would be the modal earnings simply because they were 
earned by the maximum number of people. This difficulty, 
however, can be got over by using class-intervals of considerable 
magnitude. 

6. It IS unsuitable for further algebraical treatment. 

7. Mode multiplied by the number of items does not yield 
the total value of the items. 

Uses of the Mode. 

The concept of mode is readily intelligible, and is applied 
in many cases in daily routine, though involuntarily. ^Vc often 
hear people say ‘Average calls on my telephone are 15 a da}’’, 
'Average size of shoe sold at my shop is such and such’, ‘The 
Average page contains 300 words’, ‘The average student spends 
Rs. 50 a month*. In all such cases w'hat they mean by .-the 
average is really mode, that is, the likeliest figure. If we are 
required to guess the average of a certain phenomenon, w'e shall 
generally, and rightly too, guess the mode, the dominant or 
pre vailing size . 

The use of mode is now increasing in business. It sen’es 
as a reliable guide in business forecasting. It is being realized 
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that It IS oi jjfra' \ ilue m studying output Modal output per 
nuchmc la i Ik asi-trlained b> to'tling the output of 
<ii7ular niac}iin(.s and finding the output whu-h i» niori. or Ic-s 
iht 'aiUL over a period of time If this moddl outimt u left 
far behind m subseouent >ear reasons tor n nia\ be traced 
tack to defects in machines or iheir handling, lack of skill on 
the part of operalncs or an) other incfiicienc) This Useful 
\ ork might reinatn undone or i s urgenc\ mav not be felt, m 
the absence oi 4 knowledge of the modal output which acts as 
‘be standard for conip.«nson Simil u^\ modal time for prodticing 
•’ coinnioditv mat W asctrlaine*! whiih would stand for the mO't 
likeK time that would be rwjuired to turn out similar good* under 
«imihr conditions. On the basis of this medal time cost of 
producing a certain number of commodities ma) be ealoibted 
*lodt. thus has great poiemmlities for being emploved in business 
and commerce profiubl) 

Meieorologival forecasts, which are proving \er) important 
to mercantile and otiwr interests, are real!) Uteed on the mode 

\j TlVe. MEDIAN 

Median Is the S'alue of that ilera In a senes vd-ldt 
divides the senes into two equal parts, one part consisting 
of_aU values less, and the other alt values greater thaw it. 
That IS, if a senes is flrro)rrf or, which comes to the same thing, 
the values of its items are placed ^ide b) «ide ui ascending or 
Hlecending order of their magnitude, jhe val ue p f the^ middle 
Item of the array is the median. If the students of a class, 43 
:n number, be asked to stand in order of iheir height, the 22"d 
'indent from either side shill be the one whose height will'lje 
called the median height of ihc eJass This method of picking 
tip the median item can be sjmboltcall} expressed as follows 
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where, M represents the median*’, and « the number of 
items. 

Betermination of Median: Indhidual Measirrements. 

Example 3. Required to find tlie median in a series 'of 
quantitative individual observations, relating to the monthly; 
expenditure incurred by 35 students in a boarding house. 


The given figures are first arraj'ed as follows'. , 

Table 7. MonllHy Expenditure of 35 Students arranged in 
Ascending order of Magnitude. 


Serial 

‘No. 

c <y 
it 

^2 

Rs.* 

9 

Serial 

No. 

.L 

&. 3 

w 

Rs. 

Serial 

No. 

1 

G t 

0 }z 

X 

W 

Rs. 

Serial 

No. 

g t . 

Rs. 

Serial 

No. 

' '1 

■ £ ■ 

^ h: 

' cj 5 

X - 

w, ■■■ 

Rs. 

I 

. 35 

8 

40 

t 5 

45 

22 

46 

29 

50 

2 

35 

9 

41 

16 

45 

23 

47 

30 

50- 

3 

36 

10 

42 

17 

1^ 

24 

47 

31 

52 

4 

38 

Ti 

. 

42 

18 


1^25 

• 

47 

32=- 

52 

' 

S 

38 

12 

44 

19 

46 

26 

48 

33 


6 

40 

13 

44 

20 

46 

27 

48 

34 

, 'SSv, 

7 

40 

14, 

44 

21 

46 

28 

48 


■ i- - :• 


' Modiaa is the sfee or valiic of the middle item> aad not the rij-nlt or 
the mmher of such item,; . 

' ’ In our further calculations Jf/will . represent, the median. ; , 
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Appl)'inS n't above fonniila we Invc. 

M=Size of cm '?■ item; «, in this case, equals 35, 

= Si!C 0l 

= Sizc of i8lh item, 

=Rs. 45- 

Tlie number of items in the above example w3s._odd amJ^ 
tberefcas— .0u;Te..>va5.,no dilftculty in locaiinp the middle , item 
( i8thJ n>thU...ca3e). But, ihc number may bc^even- In sudi, 
a case, the median is intetmediate between the values of. the two 
middle items. Supiwse, in the above example, an adJitioail, 36th, 
stiTclent’s expenditure nas Rs. Oi. Then, 

Af = Si« of 't* Hero ; »i, in^his case equals 36, 

= Si2e ot in™. 

= Size of 18.3“ item. ' 

_ Size 0! i8‘'‘'rt«ii+Sizc oI 19''' item 

=Rs. 45-8-0 


Doteimina^on of Median: l>tscT«te Sctleft. 

■In a discrete'series also the siic of (^t) item shall 
be the median. 

Ha-OBi/ifc 4. . ' Required .to locate the medbn of the data 
given in table 3, page 123, 
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Table 8. Cinmilativc Frequency Table. 


Size of item 

m 

Frequenc}’^ 

/ 

Cumulative 

Frequency 

cf 

4 - 

2 ^ 

2 

S 

5 J 

7 

6 

8 

15 

7 

9 

24 

8 

12 

36 

9 

14 

50 . 

10 

14 . ' 

64 

'TV 

15 

79 

12 

11 

90 

13 

13 

103 

14 

9 

112 

15 - 

7 

119 

16 

4 

123 

17- 

i-aif 

126 


M—Shc of item; «'^quals 126. 


= Sizc of ^ item, 

=Size of 63.5''' item, 

= 10. 

[It should be noted that in this series the si/e of all items 
beyond the 50th and up to the 64th is 10.] 

Determination of Median; Continuous Series. 

In the case of continuous frequency distribution, however, 
the median wall have to be interpolated in the class-inten^al 
containing the median, if the original data from jvhich the given 
frequency distribution is derived are not a^'ailable. Iiricrpolation 
gives onlj' an approximate value. It is done on the assump- 
tion that the magnitude of, the median class-inter\'al is' uniformly 
spread over its frequency. 
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1 xamfU 5 RKjuired to locate the meilian in the contsn i 
OU3 frcquenc) di'inbution m laMc ii page lO^ 

Tabic 9 Cumuietne Preqaenty of \firks of 6o SivdatU tn 
EconomKt 


Marks Group 

Frequency 

/ 


■M 

4 

4 


6 

10 


10 

sot 


iC 



la 

48 

25-30 


56 

30-35 

4 



U=Si*e of ^ Item « equal* Co 

= Siie of ^ 

= Si*c of JOS'* Item 

If Ttc had the original data with us the size of josih itcri 
could have been dirccily determined But since we demt have 
the data we can only rshnutte the tftediatu 30 5th item is 
situated in the 15—20 mark* group This BrOu}ua_{requenct is 
16 and magnitude 5 - It ** assoraed that these 5 marks are evenly 
distributed over the *6 students The 20th student gels 
approximately 1$ marks Therefore the 3asth student shall 
EM j ~ (30 5—20) J or about 3 28 marks more than the 20tti 
student Thus the sue of 305th item in our senes that is 
the median is 18.28 marks 
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The above calculation can also be s3'mbolically expressed 
as; 


j’_LA-(w— c) 

-fi — t 

where, M represents tlie median; Ijf the lower limit of tlie group 
in which median is situated; the upper limit of median class 
fi2 the frequency of median class; m, the number of middle 



item or 



th item ; and c, the cumulative frequencv' of the 


group lower than the one in which median is situated. 
Applying the above formula we have. 


M=is,+ (30.5—20) j 

=' 5 -^ (-16 ) 

= 18.28 marks, approximately. 

,^/Advaiitages of the Median. 

1. It is easily understood. 

2. It eliminates the effect of extreme (and therefore 
abnormal) variations. 

3. It can be determined without a knowledge of the 
magnitude of extreme items, provided the number of items is 
known. 

4. It is usually, e.g., when found exactly, an actual 
example from the data. 

5. It can be located by inspection in certain cases. 

6. It can be exactly located (c/ Mode, which cannot be^ 
exactly located in a multi-modal or non-modal series.) 

’ Formulio sligMly different from tliis arc also given by certain 
' antliOTs. We, however, feel that this formula is satisfactory, as it is in 
keeping with the assumption wo have made for mterpoiation. 
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7 it IS ■spcxiallj useful for considering data the itcnis 
of nhicli arc incafuble of being quantitative!) measured 
A group of students tnaj be natlc to stvnil in order of their 
intelligence The inwldlc s-tudent shall ceprcstni the median 
mteJligcnce Median can, therefore, be employed to serve as 
nn dMrage, jiclding a sufliocntly reliable representative, m 
ji stiinatt of qualities like honest), health, virtue, which cannot 
)xj sihlv be expressed m specific units 

yPisads-antagM of -Ow Median. 

I The fact whelher the inwhaii t- representative of the 
varnbic tkpends upon the nature of the distribution of th 
values It may not be representative when the distribution ts 
imgular »c , when the items vary great!) in magnitude Let the 
runs made b) the pla)ers of a encket team be o i, 3 6 q t2 
60 60 60, 98 The mctltan runs n are inadi onl) by oin. 
p 1 a)er while 60 arc scored b> three i»l»)irs Median is not t 
typical representative in this case 

i U cannot be /•rrmriv dvUrmiiie<l when it falU 
bvt\\et.n two values Then it can onl) be estimatid When 
eslimaCed jt may be a value not found m the senes If m » 
class of 40 students, 20 secure imrks var)mg between lO wJ 
XI jnd the other 20 secure nnrks varying from 25 to 35 the 
median marks would be indetcnnimtc Ijie) would be assume 1 
to fall between 20 and 21; which nrt not obtained by any of 
the 40 students. The median m-trks wouKl give a fictitious 
number 

3 It IS not capable of being locked by anv simple 
mathematical process 

4 It IS not useful in tho^e eases where large weight is to 
be given to extreme items for n treats .all frequencies alike 

5 It is unsuitable for anthmetie or atgebruc mampula 
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6. The aggregate value of items cannot be obtained when 
the median and the number of items are known. 

7. It requires the data to be arrayed before it can be 
determined — ^an operation which involves considerable work. 

^tJses of the Median. 

Median is easy to understand and is, therefore, useful for 
practical purposes. It is not only useful for the study of problems 
whose objects are not quantitatively measurable, but is also 
valuable in comparing such data as are difficult to measure 
individually and have to be grouped within certain limits. It is, 
therefore, of immense use in considering social phenomena like 
wages, distribution of wealth, skill, etc. The median, however, 
is not very suitable for being used in commerce, because con’- 
mercial data are very widely dispersed i c., they are not highl\ 
regular in distribution. Where such is the case, we have seen, 
median is not a good representative. What the businessman has 
in mind is usually the mode. 

QUARTILES, DECILES & PERCENTILES 

The principle according to which median is determined 
can be extended to divide a series into any number of parts. 
The values of the items dividing a series into four equal parts 
are called Quartiles. When a series is arrayed and the 
median divides it into two halves, each of the lower and the 
upper haK^es can also be divided into two equal parts. The 
value of the item dividing the lower half is called the Plrst 
Qoartile or the Lower Quartile represented by Qi, and the 
value of the item dividing the upper half is called the Tliird 
Qnartjle or the Upper Quartile represented by Qs, median 
beiing the Second Quartile. A series is, thus, divided into 
four equal parts at the first and the third quartiles, and the 
median. 



136 


STATISTICS TJICORY A\0 fRACTlCF 


SitiiiLirli a s>*ries maj be divided into ten equal parts 
In iloing «« we sliall get nine di\iding positions the s-alues of 
wliKh ire called Peclles, We ha»e, thus, time deciles in a 
e I ihe fifth decile being the median 

\g 3 in a senes maj be disided mto loo equal parts ginnj 
iiiKtv nine dividing positions, the values of whidi are called 
Pcicentiles There are, thus, 99 percentiles m a senes the 
fit tih percentile is the fifth dcale, or the median 

In similar manner we can have Quintiles and Octiles 
according as our senes is divided into five wpial parts or eight 
e H 0 pirls 


Location of Quartiles, Deciles and Percentiles. 

The principle of locating the median is the principle 
followed here also The given senes is first arrayed Then 
if the senes is composed of quaniitative indmdiial observations 
0 15 a discrete one the fcdlowang fomnilx «h 3 ll apply — 

0 ,=Size of 

Q,=Size of ^ Item. 

O. = Sizeof 

D,=Si2e of similarlv, forthe rest of the 

^10 j dealer, 

P, =Size of 

Pi=Size of Uem, similadi for other percen- 

where Q, stands -for first quartile*, Q, for third 
quande*. Di for first decile D, for second decile for 


* la oar farther ealeoUtioas Q 
«ta tha tiurd qaartiles r«pcctl»«lT 
not dwiles aaj pwventilas refer to tbs 


'1 Q’ ebsU •t&c.t for th» ftrst 
o( iteca snd 
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first percentile, Pz for second percentile, and n for number of 
observations. 

Individual Observations. 

Example . In the series given in table 7, page 129, 


Qj=Size of 
= Size of 


^ ^ ^ item ; 


item; n equals 35, 


=Size of 9‘’' item, 
=Rs. 41. 


Qs^Size of ^ item; 11 equals 35, 

=Size of 27 item, 

=Rs. 48, 

D4=Size of ” equals 35, 

= Size of 14.4 item. 

= Size of 14'^*' item -! — ~ (Size of 15^'' item — Size of 14^'* 
item) 

’ =Rs. 1 ^ 44 ,- 1 —^( 45-441 j 
=Rs. 44.4. ■ 

P9o=Size of ” equals 35, 

=Size of 32.4 ‘‘‘ item, 

'=Size of 32"'* item -f _.., 4 (Size of 33”^ item — Size of 

10 

32 nd item) 

=Rs. 1^52 + -^ (54 ~ 52 ) J 

=Rs. 52.8. 
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Dj^rete Serien. 

FxamfU 7 In »be data g»in in lable 8 page JJi 
Q,=Ei« of ilm 

=Si2C of 3« 75 Item 
=8 

j2,=Siicot It"" 

= Sue of fj-, -a*** »*an 

= »3 

The rarious deciles) md pcniutilr^ f»tt al>0 be dettrminetl 
m like manner 

Freqaencj Ihstnbutloiia 

1 f the (kia are grouped into ecruttt defined funiU guartiles 
d'ciles ml percentiles shall be located b) in/er/efa/ion >\hic*i 
yul Is approximate \alue< Tht formulx to be und shall be 

0 } 

D. ' ^ J 

wlierc q and stand (or first and third quartile numbers 
respectively and other vmbols (or what they did in inter 
polating the median e ijt tlial the v^lass >nter\-als referred to 
shall be tho>< relat ng to H and 0, an 1 not to median 
Simibrlv formul® for imerpolatmg deciles and iienxntiles cm 
be framed 

Lxanif'le S In the cent nuous frequenn d stnbuti n givct 
in table 9 page nz 
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Therefore, 0i — 10+ X (15.25 — 10) ^ =12.625 marki,, 

and Q3=20+ — X (45.75 — 36) <=24.0625 marks. 

Characteristics and Uses of Quartiles, etc. 

The quartiles, deciles and percentiles are not averages in 
the sense median is, since they refer not to the whole variable 
but only to parts of it. Of course, for determining them tire 
part to which the}" relate is treated as the whole series. Thus 
quartiles are, in a sense, equivalent to .the medians of the lower 
and the upper halves of a series, but they cannot be considered 
as averages of the first order, i.e., as sizes rvhich can be taken 
as types or substitutes of the whole series. 

• Yet, quartiles etc. give valuable infonnation regarding 
the series. They indicate the distance within which certain 
parts of the series lie. Thus, knowing the quartiles of the da'a 
given in table 7, page 129, rve may say that the middle half of 
the series lies between Rs. 41 and Rs. 48. DeciU'' and percentiles 
can also similarly yield the information characteristic of them. 
We shall refer to the importance of quartiles again, while 
considering the manner in which items in a series are distri- 
buted.’" 


THE ARITHMETIC A^TERAGE 

The aiithmeijc average, also caUed.Jthe ^thinetic 
mean, is ^e quantijy obtained_ by dividing the sum^pf 
the y^ues-of the items in_ a vtariable by their nnmlwr. 

Thus, it is the average of common speech, an average quite 
familiar to the layman. ‘ 


” .See Cliapter XI. 
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The tinn aritliineta i\crage a* tlcfined abo'C applied 
lo Sun pli. ■-V'lil.i iiic A\erajjc in which 

alikt cdtii iicm Unig conswlercd onl_) oncer^'i s disting ui’jlud 
froii Wc glvlc^ /^ilhmelic A\eraRe in winch alTTieihi' r 
trtilt-iT alike each item a<Signed i weight m proportion to 

Its importance m the senr> 

There are two methods of computing the s'nipl*! anlhmotn. 
axcrage the <1 rcet nid the «ho0 gut, 


Computing Simple Aaerage Inditiilual ObsemJUotw 

In follow mg the direct method the values of all the iten s 
in a given vnes are totalled up the total b eing called t h* 
or^SuiwuaUon represented by the Gfcrl* letter ' 
(C-ap tal bigma) The quotient obtained by dividing the sumnia 
lion of measurenients by tl»e number of iicms is the required 
antVwivtUC iserage 
Symbolically 


where a represents arilhinclic average” Sm represents sum 
mation of measurements an I « represents the number of items 

Esro) i/'/e 9 Requ red lo find the simple anthmet c 
aaerage of the data given m table 7 page 129 by the direct 
nxthod 

o-Rs 

3 a 

=Rs 45 14 

It IS not necessary that the \-ahies of the items should first 
be arrayed as they are_do ne m table 7~‘'~TiraTmaT data 


’ In alt 


further ratcuUtioiui o «• n eiaad for th® .ritbmetie 
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recorded as they occurred, could have been equally well utilized 
to find the aggregate. 

The above method of computing the simple arithmetic 
mean invol ves considerable work of addition when the series 
is large and digits in each numKer are several. To save time and 
labour, the diort-cut metii’od can be utilized if the values of 
the different items happen to be nearly the same. To use this 
method, any size of item may be assumed as the average. Devia- 
tions of the value of each item from this assumed average should 
then be found and put down with proper algebraic sign. The 
algebraic sum of these deviations divided by' the number of items 
when added to the assumed arithmetic average gives the required 
simple arithmetic average. 

Symbolically, 


n 

or, a=.v-h 

n 

where, a stands for the arithmetic average; .r, for the assumed 
average; Xdx for the summation of deviations from the assumed 
average; and n, for the number of items. 

Deviation from tlie assumed average is calculated by sub- 
tracting the assumed average from the size of item, that is by the 
formula, 

rf, = (m — x) 

where, dx is, the deviation from assumed average; m, the size of 
item; and x, the assumed average. 

The de\dation, d would be positive or negative according as 
the size of item, m, is greater or less than the assumed average, .r. 

Example 10. , Required to find the simple arithmetic mean 
of the data given below by the short-cut method. 
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In comiuimg a b\ the direct methoJ «c sliaH be concerned 
NMih columns (I) (2) and (3) «Bde m caJculalmg it by Ih- 
short-cut mcth(x] i\e ‘hall be concerned nith columns (i), (at, 
(4) 3«d (0) 

Direct method a= =1046 

n 126 ^ 

Short-cut n cthod a — r= 

n 

o=!o-** — 5 ? — ^IO_l6 
126 

Computing Simple Average Oonllnnous Senf« 

WTieii frerjuency distribution of a continuous tj-pe u g«cn 
arithmetic average can only be calculated on the assumption 
that the >-a1ues of all th? items in eadi class are identical with 
t he tnid salue of the ch«s interx-a! Both the direct and th 
jJwrfeuf PKthods aiT be VoJJem «i After hniimg out the n»A 
salues of the class intervals the procedure of calculating U>c 
arithmetic average would be the same as that m the case of dis 
Crete senes. 

CxamfU 12 Required to find the simple anthmelii. 
average oi the liata gwen in table l page 102 by the direct and 
the short-cut methods 

In table 12 we shall not be concerned with columns (5) 
and (6) for the direct method and with column (4) for th“ 
short<ut method 
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Table 12. Caiatlaiion of Simple Arithmetic Average of .Mark i 
of 60 Students by the Direct and the Short-cut Methods. 


I 

2 

3 

4 

5 

6 

Marks 

group. 

Mid-t'alue 

m 

Fre- 

quency 

f 

Total value 
of items 
(col. 2 A. 
col. 3) 
inf 

Deviations 

from 

assumed 

mean ( 17 . 5 ; 
th 

Total 
deviations 
(col. 3X 
col. 5) 
fd. 

0—5 

2.5 

4 


—15 

— 60 

10 

7-5 

6 

• 45 


— 60 ' 

10—15 

12-S 

10 

125 

— 5 

—SO . 

15—20 

17-5 

16 

280 

0 

0 

20 — 25 

22 .$ 

.a 

270 

+ 5 

■ +60 

25—30 

27 -S 

i 8 

• 220 

+ 10 

+80 

30—35 

32.5 

4 

* 

130 

+ 15 




n=6o 

Sm=io8o 


Srf* =+30 


Direct method: a— = -77P=i8 marks. 

n {)0 

Short-cut method: a — • 

' . » ■ ■■■': . ' . 

.. 30 

. . 0=17.5+ -^^=18 marks.' ; 

In the foregoing examples- on simple aritlimetic average, 
both the direct and the short-cut methods have been (Jeinons- 
tnafed. It will be seen that the answers in each case by both the 
methods are exactly the same. . , The saving in labour, resulting, 
from the use of the short-cut method is quite obvious. . --Iri the 
F 10 











146 


STATISTIC* TIlEOSV AND P8ACTICE 


above examples it is not necessatj to use as assumed a^Tragts 
onr> those values which we have chosen for the purpose Oher 
values may ab>o be so used The answers vstH not be difTcrent. 

Advantages of Simple Arithmetic Average 

I It IS easilj understood and has a general usage 

It IS easy to calculate Its mlcubtion is a common 
Ivoov. ledge 

3 It utilizes all the data «n the group 

4. It does not necessilhte the arraying of data as the 
median dots nor*Diegrc?u^ng of data as the mode docs " 

5 It can be known even when number of items and their 
aggregate values arc known and details of the different items 
are not at'ailable 

6 It IS determinate It is not indefinite 

^ The aggregate can be calculated if the number of items 
and the average are known 

It affords a good standard of eompanson since the 
sdmormalities in opposite directions tend to cancel each other if 
the number of items is sufficiently brge. 

9 It IS amenable to algebraic and arithmetic mantpu 
lation. * 

For alt these qualities it is the most widcl) used avenge 

Disadvantages of Simple Aritbaetic Average 

S I It may give considerable weight to extreme (and there- 
fore abnormal) items A milbonatre would greatly affect the 
average income of a town where a majonty consists of lU paid 
artisans 

J I It can hardly be located by inspection mode and 
median can be. 

V” 3 It can Ignore any single item only at the nsk of losing 
its accuracy Mode and median can be computed even when 
the values of extremes are not known 
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,/4. The average that results may not occur in the data at 
all, and may not therefore be representative to the fullest degree. 
The average of 2, 4 and 9 is 5, which does not occur in the 
series. 

.^5. It cannot be used when the data are incommensurable; 
median can be used in qualitative studies. 

.^,<6. This average might lead to fallacious conclusions 
when the actual figures from which it is obtained are not 
given. For instance, two students, A and B, get the following 
marks ; — 




A 

B 

First Terminal Exam. 

• . 

40% 

60% 

Second Terminal Exam. 

• • 

50% 

50% 

Annual Examination 

. *. 

60% 

40% 


The average percentages of both of them are identical, 50. 
But A’s progress is positive while B’s is negative. If the average, 
50, is not supported by the percentage marks in the three examina- 
tions, the fact that A is progressing while B is deteriorating 
would be concealed and a fallacious conclusion that the standard 
of both of tliem is the same would be drawn. 

Uses of Simple Arithmetic Avemge. 

It is used in many social and economic studies. Its use 
is daily routine in business and commerce. It is an average 
which even a 'man in the street’ understands. It is the 
common average. Statistics uses it not only as a type for com- 
parison, but for several other statistical qilculations as well. 
"Average output of a commodity," “Average imports or 
exports over a period," "Average cost of production" 
"Average price” — in all such expressions the average used is the 
arithmetic average. 
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Weighted Arithmetic A\erage 

In computing simple anthmetic average it was assumed 
that all Items were of equal importance. This may not always 
be the case Where items vary in importance they must be 
assigned weights m proportion to thetr relatite importance. The 
value of each item is then multiplied by its weight products 
summated and divided by the number of weights and Ml by the 
number of items The quotient is the Weighted anthmetic average. 

Symbolically 

2 (tv) 

where a stands for weighted anthmetic average w for weight 
and HI for measurement 

height is thus a number sriilch stands for tho iv> 
lative importance of Items. This relatne importance may be 
real or esumated Accordingly weights are acliul or approxi 
mate. Actual weights should be us^ where they are avail 
able otherwise they may be estimated on the strength of 
the best possible data available For instance if we know the 
actiu 4 number of peofie engaged on the teaching clerical and 
metiial staff of an institution and the average romxngs of 
each class of employees We should multiply the average earning', 
of each class by the actual employees in the correspond ng class 
summate the products and d vide the sum by the number « f 
employees to secure the weghted anlhmctc average of earnings 
The actual number of anplc^ees shall constitute actual wc ghts 
The full method of working it out is shovn in the following 
example. 

Computation of Weighted Average 

Example ij, Required to compute weghted anthmetic 
average from the data given in table 13 p 149 b) the d reel 
method. 
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•Table 13. Cakiilation of Weighted Average Earnings of tJie 
Employees of X College. 


1 

3 i 

3 

4 

5 

6 

llescription ^ 
of the 
employees 

Number 

of 

employees 

Monthly 
Average 
Earnings- i 

1 

Product of 
columns 
(2) and (3) 

Estimated 

Weights 

Product of 
columns 
(3) and (5) 


w 

7n ! 

tom 

1 

■ui’ 

w'm 



Bs. 

Bs. 


Bs. 

Professors 

2 

COO 

1,200 

1 

600 

Lecturers 

16 

200 

3,200 

8 

1,600 

Demonstrators 

4 

100 

400 

2 

200 

Clerks 

2 

60 

120 

1 

60 

Poona • . . 

■I 

15 

105 

4 

60 

Watchmen . . 

■1 

14 

42 


14 

Totals 

^tci=3i 

1 

^■jn=989 

Xttnn=5jQ6J 

1 

w 

2w’m=:2,534 


Weighted arithmetic average — 

(a) by using actual weights 


X(zotn) 

2 (w) 


=Rs. 


5067 

34 


=Rs. 149-0-6. 


(6) by using estimated 


weights 


X(v^m) 

= sRT 

-f., 2534 

=ife. 


=Rs. 149-0-11. 

Along' witli demonstrating the method of computing the 
weighted average, the above example also shows that.it is not 
necessary that the weights applied should be actual ones (as 
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tn column 2) the> ma\ be approximate also (as tn column 5) 
the difference between the results obtained b> using the actual 
and estimated weights being only fitc pies which is not 
material It should howetcr be noted that when the number 
of weights used is small tjieir size may base a considerable 
effect upon the average and therefore, if estimated zuetg!f‘s are 
used they should be approximately correct If many weights art. 
Used the error m their estimation will be mostly unbiassed and, 
therefore cancelling one another The average would not ther, 
be materially affected 

^Vhcn we desire to calculate the average earmngs 
per employee in example 13 above ihcv might at first Sight, 

f«>-^=oo-.o<.-6o+.s+.4 If 


appear to be - 


It were so the total monthly earnings would be Rs (*646X34! 
or Rs 33964 bvrt in fact the nvonthly pa> roU amounts to 
(Rs. fiooXa) + (Rs 300 Xi 6 ) + (Rs 100X4) •+■ (Rs. 60X3) 
+ (Rs. 13X7) c+ (Rs 14X3) that IS Rs 5067 only Since 
Rs 1646 rauluplied by the number of employees does not yield 
the monthly pay roll it 1$ not the correct average. If. however, 
we muluply the weighted average Rs 149-0-6 bv the number 
of employees 34 we get Rs 5067 the monthly pay roll The 
weighted average of the average earnings in this case is approxi 
mately the same as the simple anthmetic average of the total 
earnings of all the 34 employees would be 

In the above example we have multiplied the size of items 
(monthly average earnings) by their corresponding frequenaes 
(number of employees) This has been called weighting by some 
writers^ on statvstics while rt appears to be another device 
for computing the simple anthmetic average as toM above A 
few wnters do not regard rt as weighting and their view is 
justified. Horace Secrist (or instance is of opinion that weights 
should be ‘determined by some evidence of importance other 


* KoUblj, Kme. Seddiagtea Gobmt 
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than that associated with the items themselves’.*^ Similarly, to 
Kelley weights are ‘determined not at all, or not solely, by the 
population, but from other evidences of importance’.*'* Thus 


Type of Employee 

Number 

Emplo3'ed 

Relative 

Productivity 

Productivit}' 

X 

Number 

Male Adult 

18 

I 

18 

Female Adult . . 

8 

% 

6 

Children 

4 


2 


Therefore, men-equivalents=26. 


Similarly, a teacher may assign weights to different grades of 
•work done by the students in proportion to the importance of 
the grades. He may, for example, assign 4 to seminar work, 
2 to class-room work and 3 to monthly test. Marks obtained 
out of, say, loo in each grade will be multiplied by the weight 
of the grade and the sum of the products divided by 9. This 
average will not correspond closely to the simple average as 
shown in example 14, p. 152. 

The method used in example 13 for computing the weighted 
average may be termed the dit^ct method (as distinguished from 
the short-cut method) which can be used to reduce the computa- 
tions. In following the latter method any size of item may be 
assumed as the average, deviations of each item from this 
average computed and multiplied b}' the connected weight, the 
products summated and divided by the sum of weights, the 
quotient being added to the assumed average to arrive at the 
required weighted average. 


“ Horace ^ecrist, An Introduction to Statistical Method, New York, 
1933, p. 280. 

“ Helley, T. L., Statistical Method, New York, 1923, p. 68. 
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Sjinbolically, 

2(tt) 

where, a stands for the weighted average, for assumed 
weighted average, «, for weight and dj. for dcvulion from 
assumed weighted average 

Example 14 Required to compute weighted arithmetic 
average of the data gi>en below bj the short-cut method 


Table 14. Calculat\on of Wnghted Atcrage Marks of a StwUn* 


Cxanun.'ition 

Marks 
out of 
too 

m 

iJcv^allon 
from assume!* 
average (50 
marks) 

d/ 

Weight 

u> 

Product of 1 
deviation 
and wcig^ 

ted/ 

Seminar 

45 

— 5 

4 

r-20 

Class work 

62 

+ ia 

2 

+24 

Monthly Test 

5* 

+ 3 

3 

■h 6 


lw-t59 


l-y=9 

10 


Let the assumed weighted average be 50 marks Then 


2(w) 



0^—5*^ marks approx. 

The simple arithmetic aicrage ,hc above example will 
not approximate closely to the weighted average For 



3 

~53% marks 
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In fad, both Ae systems — ^allotting weights according 
to actual number and according to estimates of relative im- 
portance — are in vogue. We shall read more of them while 
discussing Index Numbers. 


Whten Should Weighted Average Be Used? 

(1) W}icn the iions falling into different grades or diasses 
of the same group shozO considerable variation, and it is desired to 
obtain an average representative of the whole ' group, weighted 
average is the only proper average to be used. 

It is usually found in a study of wages that the number 
of workmen earning high wage is much less than the number 
of those getting low wages. If, then, a simple arithmetic average 
of the wages in all tlie occupations — treating all grades as of 
equal importance — ^were computed, the wage of the manager 
would be given as much weight as that of a coolie or a gangman 
and the average would appear considerably large. Weights can- 
not be ignored in such cases. 

(2) When the means of the different grades constituting a 
group of observaiiojis and the mimbcr of observations falling in 
each grade are known, the oily proper way to compute an average 
of the means is to strike the weighted average of the means. 
Consider the following: — 


I series: 2, 4. (Two items only), 

.II series: 5, 6, 7. (Three items only). 


Simple average of I serics= 

* ^ t 

0-1 r TT ‘ ’ 5 + 6-I-'7 ' 

Simple average of II senes= g =6 

Simple average of the two series combined 
2+4+5-h6+y _• 
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Simple average ol the l«o a\engw— j 

Weighted average of averages of the two senes 

The simple avtnge of the two averages, 4 Si no douJ« 
gives an idea of the general average of the t«o senes combined 
but the weighted average of averages, 4^, is a better representa- 
Uve It also coincides with the simple average of the two senes 
combined 

The above principle al*o underlies example 13, solved 
atiove 

(3) tt'nghUd aixra^f should dim be used xihen the *»/ 
items clients and the rWawe feofortton of the number of tiems 
also changes For instance, tf, in example 13, the number of 
emp1o>ccs m each grade were doubled or trebM so that the reb 
live proportion of the number of emplo^w remained unafFected, 
the average already computed, tv, Rs 149-0-6 would stand as 
representative even after the doubling or trebling of cmplojco 
But, if their number changed such that their relative proportion 
were also changed, a neve weighted average will have to be 
computed. 

Caution in Weighting. 

Weights should be used With caution since proper weighting 
IS as valuable as wrong, manipulated or erroneous waghting is 
dangerous Weights should be as approximately accurate as 
possible and should be detenoincd m the light of the best evidence 
available. We take below an example to demonstrate this 
pnnaple 

Example 15 Required to compute weighted anlhmetic 
average of the percentage success in two universities 
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Table 15. Catadation of Weighicd Average of ihc Percentage 
Success in X and Y Universities. 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

University 

Examination 

Rolattvo pro- 
portion of 
candidates 

■*w K 
° 0 

.-t; 

^ 01 5 

C5 5f3 t- 

13 0 > 

0 « 
cj a a 

Product of co- 
lumns 2 and 
3 

Percentage of 
success in Y 
university 

g 

‘Sci 

n 

V a 
a a 
'13 a 

—4 

Arbitrary 

weights 

Product of co- 
lumns 3 and 
7 

Product of co- 
lumns 5 and 

r 


10 

80 

800 


750 

15 

EH 

1125 


7 

05 

455 

50 

350 

10 


500 


40 

00 

2400 


2800 

10 

■ii 

700 


25 

55 

3375 

75 

1875 

5 

275 

375 


13 

75 

975 

65 

845 

40 


2600 

Totals 

95 

335 

0005 

335 

6020 


5725 

HHB 


I Simple average of percentage success in — 


X University =-^ 5 . 

Y University —67 

II Weighted average, by using the weights in columns 2, in — 

X University= — =63.2 

Y University= — =50 y 

95 

III Weighted average, by using the weights in column 7, in — 

X University =_-S 25 S_ =716 

80 ' 

Y University = - 53 Q ? =66.3 

80 

The above example makes the following facts clear : — 

(i) The simple averages for both the universities arc 
identical. If they are used for comparing the 
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perccnlage success it would appear that tlic average 
percentage success in both ol them is the same 

(«) Bui when we ghts are assigned to the results in 
proportion of the number of candidates at 
different examinations Y university appears to 
have much better resuh than X This conclusion 
IS corroborated by the fact that in the BA. and 
B Sc examinations where the number of candi 
dates IS very large the percentage success in \ 
university is h gher — much higher m B Sc. — 
than in X These weighted averages therefore 
yield a proper comparison. 

(m) When weights given in column 7, chosen iiune 
arb trarily without regard to the propcrtienatc 
importance of the items arc used the conclusion 
arnved at m (n) above »» reversed X univmitif 
appears to ind cate better results than Y Thi 
inference is not corroborated by facts Therefore 
allouing of weghts needs great care and caution 
lest falbcious conclusions result 

(iv) A comparison of the averages arnved at by using 
the wei^ts given m colunuis (2) and (7) reveals 
that the averages for X university in II and III 
cases 63 2 and 7* d and also the iverages for Y 
m the two cases 697 and 66.3 are ver> much 
different between theroseWes II is so because 
the weights m column (7) do not have between 
one another the same proportion as weights in 
column (2> do In our example of the camings of 
the employees of X coUege table 13 page 149 the 
we ghts in column (5) have the same proportion 
among themselves as those m column (2) da The 
averages resulting from the use of the two weights 
are therefore not matenally different It is thus 
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established that it is not the absolute size of the 
Wrights but their relative size that is import- 
ant. A weighted average is unaltered if all 
the wei^ts are multiplied or divided by the 
same quantity, that is, if their mutual proportions 
remain unchanged. Even if the multiplication 
or division is not accurate but only approximate 
as in coliunn (5), tabic 13, the resulting weighted 
average shall be approximately correct. 

Difference between Simple and Weighted Averages. 

Strictly speaking the .so-called "unweighted" (simple) 
average is a special case of “vvaghted” average in which the 
weights are unity for each item. In the "weighted" average, 
weights are chosen according to some systematic plan and are 
not unity for each item. 

However, in example 13, page 149, the simple average was 
Rs. 164.6 while the weighted average \tos Rs. 149-0-6. Similarly, 
in the example considered on pages 153- 154 the simple average- 
of 3 and 6 was 4.5 whereas their weighted average was 4.8. It' 
is thus established that any weighted mean will generally 
differ from the unweighted average of the same quantities 
This difference, in general terms, may be expressed as 
f ollosvs, : 

If the weights are so distributed tiiat tlie larger items 
are associated with smaller weights, and the smaller items 
wTth larger weights, the smaller items will have greater influence 
in the formation of the weighted average and the weighted 
average will be less than the- simple average. If, on the other' 
hand, larger items have larger weights and the smaller ones' 
have smaller weights, the larger items will have more influence’’ 
and the weighted average will be more than tire simple- 
average. But if’ there is apparently no connection between* 
■weights and items, that is, if larger weights are as mucli ' 
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assKvalftl v.i\h largtr as Ns.ith smalkf Ucms and similar u th-* 
case vo'h <rnalkr v.c»{>liU ihe difference between the weighted 
am! the simjle nicragis may be insignificant 

Thus the simple iviragi of ftvt items 1234 and s 
IS 3 their wcightici ncrage i! their weiglils be nspcctuely 
5432 and I IS ’33 which is less than the simple nicragc 
their weighted average if thrir weights be respectively I 2 
3 4 and 5 is 3/16 whith is more than thi simple average and 
their vveig! ttd aw rage vf thm weights be rcspectisclv 3512 
and 4 is -93 wl eh i» iioi nuUnaliy different from the simple 
av erage 

This appreciation of the differenec l>ttwecn the simple 
and weighted averages is of great value m certain cases Tot 
instance if we have reason to bilicvc that weghts art not 
connected with the site of items m a parlicuhr wa) that u 
as 1 kel) T3 not large md small weights are attached md sen 
m (lately to Urge and small sues of items we shall not 
unjustified m taking the s mpte ;tveragc as a fairly good appruxi 
mation to the unknown weighted average \Se shall then avod 
the strain involved m discovcnng exact wi ghts 

Characteristics and Uses of Weighted Average. 

The weighted average generallv speaking possesses the 
same advantages and d sadvanlagis and has almost the same 
uses as the simple anthmeiic average Like the Utter it gives 
ihe central tendency of the whole group to which it peitams 
and docs not refer to tlie actual conditions of any one grade 
or class of a group It is useful for general comparison It is 
a good average to use when a group as a whole say the 
whole of an industrj is surveyed If however we wish IQ 
study the actual condition of the various grades or classes of a 
group we should compute the averages of the different grad-^ 
separately and compare such averages That is we should study 
each homogeneous part separately 
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The weighted average is invariably applied in tlie calcu- 
lation of birth, marriage and death rates, and their comparison 
in different places or at different times. Its application to deatli 
rates will be treated towards the end of this chapter, and to index 
numbers in Chapter XII. 

It may be useful to remember that weighting is essential 
for attaiiring accuracy in the result v/hen the series is small ; 
it is unnecessary in a ver}^ long series since in such series the 
weighted and simple averages tend to be identical. 

THE GEOMiErRIC AVERAGE 
The geometric average, also called Gie geometric 
mean, is the nth root of the product of the n quantities 
of a series. The geometric mean is obtained by multiplying 
the values of the items together and extracting the root of 
the product corresponding to the number of items. Thus, the 
square root of the product of two quantities is their geometric 
mean. Similarly, tlie cube root of the product of three quantities 
is the geometric mean of three quantities. Symbolically, 

n 

p=-\/aX6XcX n 

where, g stands for the geometric mean; 71, for the number of 
items and a, b, c 7 i, for the values of n items. 

The geometric mean of 4 and 9 is equal to 
geometric mean of 2, 4 and 8 is equal to ■\/2X4X8=4. When 
the number of items in a series is larger tlian three, tliis pro- 
cess is difficult to follow. To obviate tlie difficulty, logarithm 
of each size is obtained from a Mathematical Table.^® The 
logarithms of all the %’alues are added up and divided by the 
number of items. The anti-logarithm of the quotient is the 
required geometric mean. The formula is ; 

Anti-log r 

L 


Mathematicot Tallies are givea at the end of the book. 
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Example i6 Required to calculate the geometne average 
of the data gi\en bdow m the first column 


Table l6 Calcui<r*io» of Geomitrtc Aterage 


Sue of Items 

Loganthms 

45 

6532 

250X) 

2 3979 

120 

10792 

*J9S 

20792 

3ao 

1^771 

430 

16232 

7^0 

18751 

354 

5490 

Rs 5684 

127339 


According to the formula we have 


=Anti 1^ 1 6 
«=Rs 39 Si 

The geometne mean ts always Jess than the simple anth 
meuc a>efafe unless all the sues of the vanable are equal ■" 
magnitude Thus in the above example 

~Rs 71 os 

which IS greater than the geometne mean 


Weighted Geometric Alena 

To conpol, the weightel getmta™ „„„ of ti senes of 
,„a„,dtnl ..e.^ a.„„w fir,, be moK.phed b, rb 

»r™^„d„g,ee,ghl3»d felloe,, obu.ned shtsJd be mull, 
pi ed by one another The nth root of this finiT l 

*» stands for the total rmiuber of weights »s th** ^ ^ ^ere 

geometne average- Symbolically^ 


sr'=V‘»«.X*n,Xcw, 


mv. 
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where, g’ represents weighted geometric mean, Wi, Wz w,, 

represent the weights corresponding to the size of item to which 
they relate, n represents the total number of weights. 

In practice, logarithms may be used. First, logarithm of 
each individual item should be found from a mathematical 
table. Each log. should then be multiplied by its weight. The 
summation of such products divided by the total number of 
weights is the required weighted geometric mean. This may 
be expressed as follows : 


pog aX«;i) + (log fcXti»2) + . . 

(log nX«;t )1 

1 . W1+W2+ . . . 



p'=Anti-log. 

Exatnple 17. Required to compute weighted geometric 
mean of the data given below. 

Table 17. Calculation of “Capital” Index of Indian Industrial 
Activity, March 1942, Based on Geometric Mean. 


Items 

Weights 

index No. 

(1935= 

100) 

Log. 

Weight X 
Log. 

Indian Cotton Con- 
sumption 

9 

149-5 

2.1761 

19.5849 

Jute manufactures 

6 

134-9 

2.1303 

12.7818 

Steel Ingots 

5 

147.1 

2.1673 

10.8365 

Pig Iron 

8 

134-4 

2.1271 

17.0168 

Paper 

0 

185.2 

2.2672 

6.8016 

Coal 

7 

IIO.O 

2.0414 

14.289S 

Rail & River borne 

Trade 

24 

108.9 

2.0374 

48.8976 

Cheque Clearances 

20 

88.5 

1.9469 

38.9380 

Notes in Circulation* 

6 

132.4 

2.1206 

12.7236 

Consumption of Elec- 
tricity 

7 


2.1847 

HHSRj 


95 



197-1635 


* April, 1935 to March, 1936=100. 

F 11 
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According to the formuJa we ha>c 


o'« Anti log 
=Anti log 
= 1189 


197 1635 
95 
= o7?4 


The Capital Index of Indian Industrial \ctujt) for 
March 1912 therefore is 1189 » 


Advsiitages of the Geometric ftlcuiL 

1 It IS dctemiinate, provided the values ot the variable 
are greater than zero 

2 It IS based on alt the data m die group 

3 It gives less weight to brge items and more to small 
ones than does the arithmetic avenge 

4 It IS particubrl> useful when dealing with ratios 

^ It It amenable to anthmeiu: and algebtavc mampulatiocu 

Dlsadrantages ot the Ge>(nRetric Mean. 

1 It cannot be used when an> of the quantities is aero 
of native for when a quantit> ts zero the product of all 
quantities will be zero and the g wnll be zero and when a quantity 
IS negative the product of all quantities will be negative and lh«. 
g will become unrepresentative and imaginar) 

2 It may be found to he at a point where verv lew (rr 
even none) of the actual measurements he 

3 It entails much work of calculalioa and is difhcult ot 
computation 

4. It IS less easily understood than the arithmetic average 

Uses of the Geoinettic Mean. 

The property of giving huge weight to small items makes 
reometnc average a very suitaHe type m studjnng vanous 
social and economic phenomena where « is desired to give 
large Weight to small items If some items m a senes are 
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ver}' big and others very small it is not the arithmetic average, 
median or mode but the geometric mean that yields a represen- 
tative t}^e. If the annual incomes of, say, the emplo3’-ees of a 
university var}' between Rs. 180 and Rs. 24, 000, geometric mean 
of the incomes will give a good idea of their average yearly 
income. If aritlimetic average were used, a single salary of 
Rs. 24,000 would pull the arithmetic mean very high, because 
of the comparatively very low salaries of clerks and peons. 
The geometric mean would nullify the effect which large values 
have upon the arithmetic average. It may be remembered that 
if in a series the aritlunetic and the geometric means are found 
to differ considerably from each other, the geometric mean 
should be regarded as better representative of the two, since 
it falls within a range of the majority of the given examples. 

Another important use of geometric mean is in connection 
with index numbers. Index numbers are ratios, and the geometric 
mean is particularly useful in dealing with relative as against 
absolute differences. 

Geometric mean is used in the construction of the Index of 
Indian Industrial Activity by the Capital and in that of the 
“Wholesale Price Index Numbers of certain articles in India’’ 
b\' the Economic Adviser to the Government of India. It is 
used in the Board of Trade Index Number of Wholesale Prices 
in Great Britain, It was used by Professor W. S. Jevons in 
his study of the changes in the general level of prices. The 
difficulty experienced in its calculation and the fact that it is too 
abstract to be readily intelligible have stood in the way of its 
popularity and general use. It is, however, useful in the averaging 
of ratios and rates of interest. 

THE HARMONIC AVERAGE 

The Harmdnic Average, also called the harmonic 
mean, is the total nmnber of items of a variable divided 
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by sum of the reciprocals of the \‘alaes of the A-aihibie 

bjmbolicall). 



viheTe, h stands for the hamvomc mean , c, 6, f n 
represent the values of the n items of the variable, and k is ih* 
number of items Reciprocals of numbers can be easily obtained 
from a Mathematical Table *•* 

The harmonic mean can also be expressed as the reciprocal 
of the arithmetic aterage of the reciprocals of the values of the 
items of a senes Thus 



Reciprocal u " ^ 

kxamfU i8 Required to calculate the harmonic mean of 
Uie dsta given in table i6, page i6a 

Table i8 Computoiton of Honnonie Jl/eoii 


Sizes of Items 

Rs 

Reciprocals. 

.5 


2500 

/X340 

120 

0833 

”95 

0064 

30-0 

0333 


0238 

750 


35-4 

028j 


4166 


» »t the end of the book give reei]>ro. 
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According to the formula we have, 


' 0 - 


or b= Reciprocal 


■416 6 

8 


= Reciprocal .05208 
=Rs. 19.2. 

The harmonic mean is always less than the geometric mean. 
In the above example; 

o=Rs. 71.05 
e=Rs. 39.81 
/i=Rs. 19.2 

CIiaTacteristics and Uses of BCarmoaiic Mean. 

The harmonic mean is determinate and considers the values 
of all items of the data. It gives the largest weight to the 
smallest items, and is valuable where such weighting is desir- 
able. It may be used in averaging of’ rates and time. It is 
used in very special cases and is not suitable for general appli- 
cation. The time and trouble involved in its calculation also 
stand in the way of its popularit}'. It is abstract and not easy 
to understand. It may not be an actual example occurring in 
the series. 


Averages of tlie First Order. 

The various averages discussed so far are averages of the 
“first” order — ^that is, they deal with the actual values of a 
statistical variable. In contrast to them we shall later (in 
Chapter XI) study averages of the “second” order — that is, 
those which summarize not the actual values but the difference 
between them and some average. Averages of the “first” order can 
be used as representatives or substitutes of the data to which 
they relate. 



l6G STAttiTItS tnRt«\ AVO PRACTICE 

Tj-pical and X>MCilptlw 

It is alv\-a >5 anihmrtjcall/ possiUc to calculate an aver^sc 
from a gi>en senes Ilut ihu does not impV esnt 

a\mge is st-ilisticall)' significant If the average * 
«<mes IS fountj to lie nor a point nnind ahich t^c data '*"|\** 
a ten<lfnc> to cluster the average maj lie proumed 1° 
ctentl> representatne of the senes It is •I’eti called a 
T>-pic3l Vveragi If on tie other hand the distributicr 

of iti-ms IS irregular so that the data seem to cluster roun'l 
‘evenl jirmts or do not cluster at all the has oid/ 

anthmetical significance and should not be considifed as full 
nprestnlatiac of the senes It is then calletl a IVscrtpti'e 
\aeragc. Tj^pical aaerage can be substituted the senes 
for puriwses of comparison or for other infomt^tton relating 
10 the senes. 

llAaHs'e TosIHon of A\erag«n. 

As shown m example i8, aboae the anihmettc aacragi is 
greater than the geometnc mean of the same <iuantitie< an! 
the geometnc mean is less than their harmonic mtnii The' 
three means «ill be identical if all the sizes of itefos m the gia'^i 
series arc of equal value ^)mboIicallv this mav be expres««l 
I V the inequalities 

« £ y > I , 

whtre the sign of eqtwht) prevails only when all the sizi' 

If a given group is syirnnetncal the arithmetic mean morle 
and median arc coincident In a modentel) asvmmetncal dis 
inbuiion the followang rehtionship between the mean mode 
and med an ma) be found to hold gocxl 

(tt — Z} 

If there is a small group at a hgh degree the arithmetic mean 
would probabI> be above the median and the mode beloi 
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it. The arithmetic average would probably be below the median 
and the mode above it if llicrc is an absence of high numbers. 
It should be clearly noted that these rules are only tentative. 

Choice of Average. 

An average is a simple comprehensive expression of a 
scries of divergent individual values. All averages do not 
characterize the series in tlie same way. They yield only that 
information which, by their nature, they are able to transmit. 
This infonnation differs according to the kind of average used. 
Therefore, it is tlie purpose for which an average is to be em- 
ployed tliat will largely detennine the choice of an average. No 
one average is good for all purposes. The mean chosen to 
study a given phenomenon should be such a^ will throw light 
on the striking features and the essential characteristics of the 
phenomenon. Different averages tvill apply to different groups 
of data; each must be selected on its own merits. Each average 
is affected differently by the distribution, frequencies and the 
character of the details. A knowledge of its peculiarities or 
cliaracteri sties is, therefore, a pre-requisite for scientific use of 
an average. It is evident that an average simplifies complexity, 
but if the particular merits, demerits, scope and characteristics 
of the average are neglected, the simplicity arrived at shall not 
be worth having. Caution, foresight and analysis are, therefore, 
necessary in the use of averages. If they are ignored, the very 
principles on which scientific method rests shall be violated. This 
is not desirable. 

r 

What are the desirable properties for an average to 
possess? First, it should be rigfidly defined; second, it should 
be based on all the observations of the data; third, it should be 
readily comprehensible; fourth, it should be capable of being 
computed with reasonable ease and rapidly; fifth, it should be 
as little affected by fluctuations of sampling as possible ; and last, 
it should be readily amenable to arithmetic or algebraic treatment. 
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r'roni 3 perusal of ihe advantages atid disadvantages o'' the 
vinous avenges outlined m die forgoing pages »t will be evident 
that the anthmetic average — Ihe common mean — posSC'Ses the 
above properties more than an> ollter single average does It 'S 
ngidlv defined is based on ill observations is rvidilv coniprehen 
s ble IS less affected b> fluctuauoni o{ sampling than sav the 
median and above all is suitable for algebraic treatment Of 
course median is somewhat more eisdj computed than the 
anthmelJC average but medan is often indelenninate and if* 
algebraic treatment is d ificull if not iinposs bl »n manj case* 
Mode IS hardly useful in clunentary work owing o the d fficuh 
of locating It with precis on Since the aridinietic average uses 
all the Items of a given senes it is like!) to bi. less erratic le 
less sensitive to small diange m values of individual items The 
arithmetic average is therefore quite suitable tor ill general 
purposes unless there is special reason to select anv other average 
For instance if items of small values arc far larger in a senes 
than Items of large values anthmetic average will not bv a good 
avenge to use Instead Ihe geometne moan will be u»«l And 
f It is necessary to give more weight to tire smallest item than 
lo other ones harmonic mean will be the proper average to 
compute. Similarly if enquiry is made into the average size of 
shoe sold at a shop or an ‘average coat tailored at a tailor’s it u 
lot arithmetic average but mode (hat will sene the purpose 
Again if an idea of average mteligence of a tJa > is to be had 
median shall be the best average s nce it can be used even in 
those cases where the data are not quantititivelj mcasurabl- 
These are typical cases where anthmet c avenge should not for 
special reasons be used In general anthmet c average is suitable 
for most purposes 

LimltatlorBS of Averages 

It IS evident Uiat an average is a summary ot the detail 
of a senes It is used as a sub titnte for whit it repUces 



STATISriCAI. averages 


i6q 

But here lies its limitation. Different details may yield the 
same average, yet it is the details which may be of interest. 
An average, if at all it does, rarety contains as much significance 
as the individual items do. If averages are used alone, 
not supported by the details, since they are merged in the single 
simple expression, are ignored except in so far as they 
are reflected irf the summat)'. Averages, therefore, do 
not relate the whole stor}'. They indicate only the central 
position of a group. "WTiat lies behind them is not their task 
to reveal. 

It follows that in computing and using an average one 
shouM know the following things if one is to guard himself 
against a fallacy of argument ; 

(i) The purpose of the average. 

, (2) The peculiarities of the data to be summarized. 

(3) The characteristics of each average. 

(4) A deep knowledge of tlie whole subject to which 
the given data relate in order to be certain that the 
average computed shall be significant and suitable. 

(5) The extent to which data are homogeneous. 

Standardized Death Rate. 

If death rate is calculated for each age-group of a locality’s 
population, and then death rate is calculated for the whole of 
the population by tlie use of weighted average, the latter death 
rate is called General Death Rate or Crude Death Rate. If 
this crude deatli rate for a locality is compared with that for the 
standard population {e.g. the population of the country at large, 
or, of another locality . assumed to be. standard), misleading 
conclusions might result To avoid fallacious comparison it is 
advisable to eliminate differences between age compositions of the 
populations of the two localities by applying the local death rates 
in each age group to the, standard population. The following 
is a simple illustration-^ 
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KxamfU 19 KKjuired to compute cruJe and corrcctfil 
death rates 

Table 19 Conputalion of General and Standardised Death ratiS 


Age-group 

Years 


bcandard I'oputation 
A 


I , 

"2 

a. ^5 


l^ocat I'opulalion 
B 


U I I 


c £ 


"l-ji .S I 1 •<“> 

*S=6s 3c<o I A I 

Above 6. I ,co I so 


40 

4 


To'al 




67 [ 134 


5000 


67 


134 


Genenil^Deaih R^te of Standard Popul^fon 

*“5000 (1300X30+ .«x.x, + 3 a„x 8 + 4 ooxso) 

— 134 per 1,000 

General Death Rate of Local Population 

’ “ 5000 ^■*°°^‘*°'*'*5oo^4-*^240oXio-H7ooX3o) 

= 134 per ipoo 

Upon comparison of the Iwo ce„eni 
puted by using the weighted a\erape 

be noted both the populations remarkable wifl 

And, if death rate is any measure of the hnhh^T^ 

both the popubtions are equally heaJthv ^ * population 

viewpoint one might add that the total number of this 

in both the places, 5000 is the ^me iha. ,1,. , , , 

deaths the t«o ca-es. 67 ts .deni.a.1 



Sl'ATlSTICAI, AVERAGES 


I/l 

of deaths in the age-group (15 — 65) years is equal in both of 
them. With these arguments one might try to make otliers 
believe that botli A and B are equally healthy. But it should be 
noted that the death rates in different age-groups in both the 
places are different and also tliat the distribution of population 
in the two places into various age-groups is not identical. 
That is, the basis of comparison is not the same. It is, there- 
fore, not fully correct to believe that both the towns are equally 
healthy unless this conclusion is found to hold good when th; 
basis of comparison is made identical. To do so, we eliminate 
the differences between age constitutions by assuming that the 
distribution of local population into different age-groups is the 
same as that of the standard population. Then, by applying the 
local death rates to the changed distribution we calculate another 
weighted average death rate, now called the Corrected or 
Standardized Death Rate. Thus, 

Standardized Death Rate of Local Population 

_ _JL- (600X40-1- 1000X4-1- 3000X 10-4-400X30) 

5000 

= 14 per thousand. 

The standardized death rate of local . population is highcr 
than the crude death rate of standard population, leading us to 
conclude that the local population is less healthy than the standard 
population. 

Similarly, there could be a case where the general deatli 
rates of A and B were different, but the death rates for different 
age constitutions were the same. This paradox, again, would 
have been due to differences in the distribution of population 
into the various age-groups. The paradox would be removed by 
computing the standardized or corrected death rate of ; the I061I 
population. 

This method is of general application. We have applied 
it to death rates. We may standardize marriage rales dr’: uhem 
ployment rates as well. 
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nxnRciscs 


(i> WKit 13 an a\erage’ IIoi' docs it difftr from a per 
ccnlage^ WTiat purposes does it sene’ 

{ 2 ) WTiat do >ou umlerst-ind t)» homogeneitj of data’ 
SViottV\ t>ie data from vifiicli axerages ire computed be boinc^«i«- 
ous’ Gi\c reasons 

( 3 ) Define Mode, Median Mean Geometne axcrage and 
Harmonic mean and clorly explain their uses- 

In Mhicli problems can tach one of them be used mdi thr 
greatest adxaniage* 

( 4 ) Compare the advantages and disadx’anfagcs of th^ 
difTererrt averages 

(5) Whnt IS a statistical average’ ^\^lat are the desirable 

properties for an average to possess? Winch of the averages, jtJU 
know possesses most of these properties? . 

(BCom AUd,i944) 

(6) Ho« will >ou locate the mode when the distribution of 
frequencies for class intervals whose magnitude is one inch gives 
iliree nxaxima’ Take an hypothetical example to txphin tlie 
whole process 

(7) IIow will v-ou locate the median when 
(o) tlie number of items in 3 senes is even 
(6) the senes is a discrete one, 

(c) onl> the fr«iuency distnbixtion of » senes is grvni’ 

(8) What are Quartiles Deciles and Percentiles-- Whai 
mfonnation do Ihej give regarding a senes’ How are they calcu 
lated in (1} senes of individual obsenations (ti) discrete 
senes and (in) conUnutws senes Show their relationship with 
the median 


(9) How will you compote the simple anlhmctic average of 
(») a senes of individual obwrvations 

(«) a discrete senes and 
(ill) a continuous senes'- 
Explain the direct 3S wdl as the short cut methods 

(10) Define weighted avenge ami explain how It differs 
trom simple mean. Give the method of its eomputalion and 
point out the cases in vvhtdi weighted average should be used 
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(11) Differentiate between Crude (General) and Corrected 
(Standard) death rates. 

How is the principle of weighting applied to the deter ruina- 
tion of standardized death rates from crude death rates? 

(12) Discuss critically the use of weighted mean in statistics. 

(B.Com, Cal., 1937). 

(13) Explain clearly the meaning, the best method of com- 
puting, and the use of each of the following — 

(t) the arithmetic average. 

(u) the median, and 
{in) the mode. 

(B.Com., Agra, 1934). 

(14) State the forniulse of the principal forms of averages 
employed in Statistics, and explain, so far as you can, the prin- 
ciples upon which they are based. 

(15) What are the limitations of tire uses of each one of 
the different kinds of average? 

(B.Com., Alld., 1939). 

(16) Which average would you use in studying the follow- 
ing problems and why? 

(а) Comparing the economic condition of India with 

, U. iC’s. 

(б) Size (number of members) of an average family. 

(c) Size of average agricultural holding. 

{d) Average marks in an examination. 

(e) Average height or weight of students. 

(/) Average length of the leaves of a tree. 

{g) Average intelligence. 

(/t) Average sales of a shopkeeper. 

(17) Calculate the median, arithmetic average and quartiles 
of the series relating to heights of 53 students grven in exercise 
17, Chapter VIII, page 108. 

(18) Wliat is the purpose served by an ‘average’? Discuss 
the special advantages attached to the different averages, and 
illustrate their uses. 


(B.Com., Agra, 1942). 
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(ip) Calculate Uie geometric and arithmetic means of the 
series giien m exerci«e i, Chapter VI, page 65 

(20) According to the census of 1041 following are the 
population f^res in thousands, of first 36 cities of India 


2488 

1490 

777 

733 


S9« 

407 

387 

301 

360 

258 


437 

284 

302 

263 

260 

239 


20S 

176 

213 

176 

193 

160 


213 

,169 

204 

178 

*3* 

147 


*53 

142 

92 

*54 


Find the median and quaitiles 
(21) Find the geometric and harmonic means of the scnrt 
gnen in exercI^e 20, above 

. jX^^*** Compute the mode and arithmetic average of ihf 
following sen« \cioum for their difference 

Size of Item Frequency 


Politics Fcononiics and 


KonNumWrcftl^ 


65 

33 


^4 

33 


Foliiics 


38 

39 
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Roll Number of the Economics Politics 


Students 

9 

42 

42 

10 

25 

10 

II 

28 

72 

12 

35 

33 

13 

46 

80 

14 

47 

44 

15 

60 

85 

i6 

30 

20 

17 

32 

32 

18 

52 

25 

19 

54 

" 55 

20 

56 

28 

21 

58 

53 

22 

49 

35 

23 

38 

40 

24 

40 

62 

25 

46 

58 


In which subject is the le\el of knowledge of the students, 
as revealed from the above figures, higher? Give reasons. 

(M.A., Alld., 1937). 


(24) 

Find out the Mode of the following 

series • — 

Size 

Frequencv 

Size 

Frequency 

5 

48 ' 

13 

52 

6 

52 

14 

41 

7 

56 

15 

57 

8 

60 

16 

63 

9 

63 

17 

52 

10 

57 

18 

48 

II 

55 

19 

40 

12 

50 

(B.Com , Alld , 1943)- 

(25) 

Compute the weighted geometric average of Relative 


Prices of the following commodities for the year 1939 (Base year 
1938 —Price 100) : — 


1^6 
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Commod tj 
Com 
Cotlou 
Hay 
Wheat 
Oats 
Potatoes 
Sugar 
Barley 
Tobacco 
Rjc 
Bice 
Oil Seed 


Weight 

Relative Price (value produced in 193^) 


laSS 
62^ 
1177 
990 
>3^9 
*43 5 
1236 
I5<X2 


1^5 

819 

a42 

561 

40S 

*94 

142 


*03 

25 

*7 

29 


116^ 

**7S 
787 

How does jt differ from the unweighted geomctnc n’^^n 
and why’ 

(BCom Alld. *943) 

(26) Statistics help collecting agreements of 
adjustments What data are required for the consideratiOT ol 
a revis on m wage rates in a factor) which a^e^3ge will )'0« 
utilize and why’ 

(M A Agra 1^0) M Com« AUd, *943) 

(27) Compare the relative advantages and d sadrantages of 
the Anthmetic mean the Median and the Mode 

The following table gives the results of certain examinations 
of three universities in the year 1936. Which is the best univcr 
sity? Give reasons for j^our answer 


Univers ly 

Percentage results m the Univers ty 

Examination 

A j 

B 1 

C 

AI A 

80 < 

75 

70 

M Sc 

70 : 

70 

60 

B A. 

65 1 

80 

70 

BSc. 

60 

70 

80 

B Com. 

75 

65 i 

7S 


(M^ Cal 1937) 
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(28') The following taole gives the number of persons with 
different incomes in the U.S.A. during tlie year 1929* 


Income in thousands No. of persons in 


of dollars’ 

Lakhs. 

Under 

I 

13 

I — 

2 

90 

2 — 

3 

81 

3 — 

5 

117 

5 — 

10 

66 

10 — 

25 - 

27 

25 — 

50 

6 

50 — 

100 

2 

lOO — I<XX 3 

2 


Calculate the average income per head. 

(B.Com., Luck., 1939), 

'-'^^9) The marks obtained by students of classes A and B 
are given below. Give as much information as you can regarding 
the composition of the classes in respect of int^igence: — 


Marks obtained 


5—10 
10 — 15 
15 — 20 
20 — 25 

25 — 30 

30 — 35 
35 — 40 
40 — 45 


No. of students in 
class A 
1 

10 

20 

8 

6 

3 « 

I 

o 


No. of studaits 
in class B. 

5 

6 
15 

10 

5 

4 

2 

2 


(B.Com., Agra, 1939). 


(30) Explain what is meant by 
discuss the effect of weighting. 


Weighted overage, , sad 


F 12 
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(33) From the following table calculate the average price 
of a lb. of biscuits and also the weighted average price. 


Price per lb. 

Rs. a. p. 

lbs. sold 

0 — 10 — 0 

100 

0 — 15 — 0 

87 

1 — 2 — 0 

63 

1 — 4 — 0 

59 

I — 8 — 0 

49 

2 — 0 — 0 

19 


Which of the two averages gives a better indication of the 
average price? 

{34) Following are the lengths in inches of 102 nim leaves. 
Calculate the median, 6th decile and 37th percentile. 


1.85, 1.5, 1.95, 1.9, 1.6, 2.2, 2.45, 2.72, 248, 3.0, 3.7, 3.0, 
2.85, 3.2s, 2.48, 343, 2.80, 2.35, 2.64, 2.76, 2.9, 2.6, 2.65, 2.95, 
2.70, 2.50, 1.95, 1.95, 1.58, 2.45, 2.92, 2.95, 2.78, 2.60, 2.54, 
2.79, 2.90, 3.05, 2.82, 2.33, 2.90, 2.88, 2.15, 1.75, 2.40, 2.48, 
2.15, 2.65, 2.50, 2.20, 2.40, 2.45, 2.5, 2.56, 2.40, 2.25, 2.30, 1.50, 

1.90, 2.30, 2.88, 2.30, 1.95, 1.85, 2.95, 2.90, 2.00, 2.80, 3.25, 2.95, 

3.20, 2.8s, 2.70, 2.77, 2.44, 2.10, 2.54, 2.70, 240, 2 6s, 2.60, 2.94, 

2.65, 2.06, 2.50, 2.30, 1.90, 2.78, 2.60, 2.35, 2.72, 2.85, 2.70, 2.50, 

2.53. 1-98, 2.94, 3.05, 2.66, 2.85, 3.10. 


(35) Calculate the arithmetic average of the above series 
by (i) the direct method, and (h) the short-cut method. 


(36) Calculate 
[owing series. 


the arithmetic average and 


mode of the 


Size of item 

3 — 5 
— 7 
7— 9 
9 — II 
11—13 


Frequency 

14 

16 

25 

22 

12 
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( 37 ) Compute the geometric and harmon*c means of tJr 
following Items 

375 5 153 23s 45 27> *2 79 35 4*9 S3 

( 38 ) If m ten succcasne )ears the qamlitics 1,2 3 4 5 ^ 
7 8 9 10 are sold at pnces 1234567 , 89 10 vhat are 
the wetglited a\crage and simple anthmctte average prices’ 


{39) Find the mode and arithmetic average of the daily 
^ H 3 gcs in the following senes 


Daily Wages m 
Annas 


3 

5 

7 

9 

II 

*3 

tS 

J7 

*9 


Frequency 
(Number of 
employees) 

s 

10 

12 

*5 

20 

*3 

12 

10 


( 40 ) Show the relative positions of different averages m 
hioderately symmctncal senes 


Find the mode median and arithmetic average of the follow 
ing senes and state if the senes 1 $ symmctncal ^ 

Fr«|uency 

“ 

li 


16 

17 

18 


38 

35 
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(41) Which of the two places for which the mortality data 
are given below would you describe as more healthy than the 
other ? Give reasons. 


Age in 
Years 

Town X (Standard) 

Town Y (Local) 

Population 

Deaths 

Population 

Deaths 

under 10 

15,000 

375 

10,000 

300 

10—30 

50,000 

250 

52,000 

312 

30 — 70 

120,000 

840 

126,000 

i.ooS 

above 70 

15,000 

975 

12,000 

840 


(42) Compute the Crude and Standardized death-rates in 
the following, and state if local population has higher or lower 
death-rate. 


Age group 

Standard Population 

Local Population 

(years) 

Population 

Deaths 

Population 

Deaths 

under 5 

0,000 

150 

2,500 

63 

5 — 15 

10,000 

20 

12,500 


15—65 

12,500 

50 

20,00c 

80 

above 65 

4,000 

160 

5,000 

zoo 

(43) Value of Exports (S’ Imports of Commodities for India 


for 1934 - 35 - 



Months 


Exports 

Imports 



Crores of Rs. Crores of Rs. 

April 


. . 12.7 


10.9 

■ May 


■ - 13-3 


ID.5 

June 


. - 12.5 


9-5 

July 


. . 12.8 


9.9 

August 


. . 12.3 


10.7 

September 

. . 12.1 


10.5 

October 


. . 12.4 


12.5 

November 

• • 12.3 


TT 4 

December - - 

12.2 


10.3 

January 


- • 13-7 


12.9 

February 


• • 13-2 


10.6 

March 


• .. iS-6 


12.4 

Total 

•• 155-1 

132.2 . 
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Calculate the median and andimetic a\crage of the above 
figures of exjiorts and imports sqsaiately 

(44) The following are the vteekl> roarktl v-alues of the 
<hares of Imperial Bank of India (paid up wlue Rs 5°®) 

Jan 4 1933 to Dec 20 1933 


I iS 123s 12365 I26rs 12665 ti 66 1190 
1186 1221 s 1220 1234 1230 1235 12365 12325 1251 S *2+1 
1231512165 12165 12215 1221 5 1205 1184 11^ 1212.5. 
1207 1192 1195 1206 1201 1196 U98 7208.5 T-^S 12125- 
12345 1225 1230 2220 12205 1220.5 1240 12525 12^6. 

1-465 1-465 I23a5 

(from the Cap taJ ) 


Calculate the anthmelic mean and geometne average of the 
above senes 


(4S) ^e following table gives the age d stnbut on of 
tt dows in India (Census Report 1931) ^cuJate the mcdiao 
age of the w dows and also the upper and lower quartiles 


years 

No of widows 

0 — 10 

10—20 

135.862 
yxS 101 

20—30 

2456^35 

30-40 

■4 847 631 

40— so 

50—60 

60—70 

70 3. over 

6480.259 

5908159 

3 743 61S 
*.957506 

Toul 

26.247968 


(46) Tie following table gives the 
toh o( 30 B Com. « a oh.. 


marks obtained by a 
Cl Stances (Marks 
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Roll No. 

Marks obtained 

Roll No. 

Marks obtained 

I 

33 

16 

24 

2 

32 

17 

33 

3 

55 

18 

42 

4 

47 

19 

38 

5 

21 

20 

45 

6 

50 

21 

26 

7 

27 

22 

33 

8 

12 

23 

44 

• 9 

68 

24 

48 

10 

49 

25 

52 

II 

40 

26 

30 

12 

17 - 

27 

58- 

13 

44 

28 

37 

14 

48 

29 

38 

n 

62 

30 

35 

/?1nd the 

values of the Mode, the Median, 

and the Quartiles, 


(B.Com., Alld., 1938). 

(47) Calculate the arithmetic average and the geometric 
mean of the series given in exercise 46 above. Which average 
represents the series better ? 

(B.Com., Alld., 1938). 


(48) The following table gives the distribution of popula- 
tion according to age in India and Japan at the time of the last 
census (1931) 


Age group 
in years 
o — id 
10 — 20 
20 — 30 
30—40 
40 — 50 
50 — 60 
60 — 80 


Population in millions in 
India Japan 

98.9 17.8 

72-5 T4-3 

63.2 1 1. 3 

48.6 8.6 

32.6 6.5 

19.4 5.4 

13-2 S-i 


Calculate the average age of people in India and in Japan, 
and comment on the difference. 

(B.Com., Alld., 1940). 

(49) In order to decide whether one city is more healthy 
than another on the basis pf ' death-rates what information would 
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you vcuutte m addition to the total number of dcslhs and the total 
population of the two cities? How MOtilil jou tise this inionm 
tion to deadc which cit) is more hra!lh> ’ 

(MA AlW *935) 

(50) Calnifafc the simple axerase and the weighted axer 
age of Uie following items — 


Account for the difference m the two awragts 

(MA Alld., WO) 

(51) The following is the distribution, of wage* 
thousand «npIo>ees m a ceitam factory 


0*iiyw»gea{ I 
l« ABItM I ^ I ^ 


Calculate the modal'and median wages and opUin why 
there is 3 difference between the two 

(MA- Alld wo) 

(52) Calculate the median drdquartile 4th decile and 80th 
percentile of the following senes 

Sue of item Frequenev 

6 — lo 30 


(53) Cafeufate the averse medan and upper and lower 
quartile ages in the following table 
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Age-groups 

Population in 

thousands 


1881 

1931 

0 — 4 

3520 

3280 

5 — 9 

3160 

3500 

10 — 19 

5340 

7200 

20 — ^29 

4560 

6640 

30—39 

3420 

5980 

40—49 

2660 

5240 

50—59 

4900. 

3780 

60 — ^ 

. , 1320 - 

2440 

70—79 

600 

1220 

80 & over 

120 

320 


(MA., Agra, 1940). 

(54) Point out the ambiguity or mistake, if any, in the 
following statements; 

(i) There are 250 employees in a sugar mill. Their daily 

earnings are about Re. 1/ per man on an average. 
Therefore, their total monthly earnings are Rs. 7,50x5. 

(ii) An ordinary person in India consumes one chhatak of 

pulse per day. Therefore, the total quantity of 
pulse consumed by India’s 40 crores of people every 
year is about 23 crores of maunds. 

(in) The monthly expenditure of the vast majority of 
students in a university is Rs. 50. Therefore, the 
total monthly ^penditure, of 2,000 students is 
Rs. 1,00,000. 

(iV) A cloth dealer usually receives 150 customers a day. 
Therefore, the total number of customers he 
■- receives in a month is 4,500. 


(55). The following table gives the value of imports of 
commodities into India in crores of Rs. 


Months 1934-35 

April . . 10.9 

May . . ■ 10.5 

June ' 9.6 

July ■ . . ' 9.9 

August . 10.7 

September . . 10.5 

October . . 12.5 


1935-36 

1936-37 

11.6 

X lO.I 

14.8 

lO.O 

9-9 

9.8 

lO.I 

lO.I 

11.2 

9-3 

10.2 

9-5 

1 1.8 

10.7 
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Months 

• 9 W 35 

*935 36 

t 93'^37 

hso\ ember 

iM 

t 2 7 

tab 

December 

ia 3 

106 

9-9 

Janoiry 

139 

J 3 I 

130 

1 ebruary 

106 


93 

March 

13-1 

laS 

13 I 

Calculate — 




to) The 

avenge miporl into 

In lia for each 

month for 


the whole penotL 



(ft) The geometric mean feir 1934 35 ^ 


tc The med an for * 93 f >*37 



<561 1 inel out the average height of a clerk 

in a cerUin 

ofrcc from the foIlo»ing figures What 1$ jlie median height ana 

hou far does it differ from the mode’ 


Height 

rreejueney 

Height Frerjtjency 

5 ' <y 

1 

5' It" 

t 

s' r 


9 * or 


s* I* 

4 

(f t- 

t 

s' 9" 

3 

(f g» 

1 

S' 10" 

2 

& 3 " 

r 



(MA. 

Agra 1937) 


(57) A railway tram runs for 50 nunutcs at a speed of 40 
miles an hour and then because of repairs of the track ni'is for 
10 minutes at a speed of 10 mdes an hour What is its 
speed’ 


(§8) The following is the age distribution of candidates 
appeanng at the Matiiculat on and Intermediate Arts examinations 
of the Patna Univcrsit> m >937 









Bo 





Compare the medan ^d mo^! ages ©f Matnculaiion 
cand dates v.>ih tho<e of 1 A cand dates 


(MA , Patna J940) 
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‘ •(59) Amend the following table, and locate the median 
from the amended table. Also measure the magnitude of the 
median so located. 


Sizes 
10—15 
15— 17-5 
17.5-^20 
22 — 30 

30—35 

' 35—40 
45 -&^^ffi^ards • 


Frequenc)' 

\ '5 1 


'v3Pi 

40'; 

(B.Corhr; Alld., 1942),. 


(60) Monthly incomes of twenty families are given beloxv 
in rupees : — . • . 


-,...,2,000; 35; 400; 15; 40; 1.500; 300; 6; 90; 250; 20; 12; 
450; io; 150; 8; 25; 30; 1,200; 60. 

Calculate the Geometric Mean and the Harmonrc Mean of tlW 
above incomes. i 

(B.Com., Alld., 1941); 





^ >vv» £fw>\ t j“*^ * > 

•>..“!.®'’?i*SIO-'J^^.a>Jg\VNg?^>^**v-^ 

Mesming of Dispe^n. 

A%erage 5 of the first order , discussed m the last Chapter, 
consider only the central pos tion of a senes They do not throw 
light on the formation of the series They fail to characterize 
the detail from Vihich they are made up. Hardly e\er are the 
vanous items of a senes equal to the \-alue of the a\crage computed 
from them Some measure of the differences of the items from 
their average is necessary Averages of the second order" pro- 
vide this measure An average of the second order is an a^xragf 
of the differences of all ihc items of the series from an average of 
those Items In averagtt^ these differences their irrcguUnltcs 
are brushed off and a representative figure results 

All frequency distnbution» are not simibr They may 
differ in t«o ways nrslfy, they may differ m the numerical swe 
of their averages (hough not necessarily m their formations For 
instance the averages of iwo senes— i s 3 and 7 8 9— arc 
respectively 2 and 8 and therefore different , but the scatteredness 
of the items in the two senes around their rehpective means is 
s milar the greatest deviation from the average m either senes is 
only 1 The two senes are therefore not differently formed 
Secondly, frequency distributions may have the same values of 
their averages yet differ m their respective formations Let us 
suppose that the daily eammgs of A and B two mechanics dunng 
the six davs of a worhing week are as given below 


T),^s 1 As eimmgs 

Days , 

s earnings 
Rs. 

Monday } 4 

3 



Thursday , < 

Friday . ‘ 5 

5 

Saturday i 6 

. Hs 1 

x88 
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■: The total earning made in 6 days, Rs. 3P, and therefore, 

the average earnings, Rs. 5 per day, are tlius exactl}' the same in 
both the cases, but th^’ scatteredness of' the values of tlie. items of 
the series round their average earnings is different in the two 
cases. The greatest deviation from the average in A’s case is 
Re. 1 and in B’s case Rs. 2. The t^vo series are, therefore, 
differently constituted, though they result in averages of the 
same numerical value. It follows that averages must be used 
with great caution. To these cautions belongs the measure- 
ment of the dispersion or scatteredness of the series around the 
mean. The value of the mean depends necessarily on the dis- 
tribution of the items around it and on its position in the 
series. Ah examination of this distribution furnishes us ■with 
a valuable supplement to the information given by the mean 
itself : it tells us how the items comprised in a group vary in 
size. This helps us in finding the extent to which the average 
is ‘typical’. 

The term “Dispersion” is used in 'two senses is Statis- 
tics. One sense is general, implying that within a given group 
the items are not uniform in their size. That they differ in 
their magnitude. This difference may be great or small. 
Accordingly, dispersion may be considerable or slight. If the 
profits of a given number of businesses in the sanie trade and with 
the same capital are found to vary between Rs- 1 1,000 and 
Rs. 11,020, they are scattered over a small range. That is, they 
are fairly consistent, or, in other words, their variability is slight. 
If, however, the profits vary between Rs. 1,100 and Rs. 11,000, 
consistency is wanting, the range is wide, or, in other words, 
variability is considerable. 

The other sense in which the term dispersion is used is 
more precise. In this sense it indicates an absolute or relative 
measure of the differences of the items of a group front some 
average computed from those items. It may be noted that the 
difference 'between the measuremeiits of the value of a variable 
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and Its mean or anj other fixed point is techncallv termed 
deviation. And, a n easore of the deviations of the size of items 
from an avenge is nlled the Measure of Dispersion- 
>!easures of Dispersion 

The tv\o senses m which die tena dispersion is used are 
irtiportant The first sense ponts to the limits wilfun wheh 
data fall the second sense calls attention to the amount absolo e 
or relative by which the values of the items differ from an averagf 
or t^pe The iwo senses are different. Dispersion m the fint 
sense IS indicated b> the method of limits where the complrtf 
range of the items ma) be shown Dispersion m the second sense 
IS expressed by the method of averaging differences from a typv- 

Metbod of limits 

The most common way of measuring dispersion under this 
metl od IS that of comput ng the Range 
lUe RAnge ^ 

Range of dispersion represents the dllTereDM , 
betwetiQ the >TUues of tbe extremes t e the largest^ 
and the smallest Items, of the data nsder retdetV ' 
D m a certain class the. height of the shortest studer^ 
were 4 ft it> in and that of the tallest 6 ft the range would 
evidently be 14 inches Range is thus the simiJcst method 
of measunng dispersion but it is too indefinite to be tiseil 

as a prartical measure of disperson smee u depends entirely 
upon the values of the extreme items For instance if a dwarf 
whose height was only 3 fL 6 inches were adm tied to the clas 
m the above example the range would suddenly rse to 30 inches 
vvh le the average he ght of tbe dass would not be materially 
affected. There is >ct another reason why the range is not a 
satisfactory measure of dispers on It is that the range doe> 
not take into account the d stnbutioo of the items withm us 
limits This distribution may vaiy widely even though the 
extremes be of the same value We m ght get tl e same value 
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for the range from a sytnmetrical and a J-shaped {ie, asym- 
metrical) frequency-curve. Clearly, two such distributions can- 
not be regarded to exhibit the same dispersion. On the other hand, 
series with diffemt maxima and minima may have practically 
the same distribution or dispersion. 

Besides, the range is an absolute measure of dispersion, 
and, therefore, it is not possible to compare through it the 
relative dispersion of t\vo series expressed in different units. 
Absolute dispersion measured, say, in yards is not comparable 
with dispersion measured in tons. If the absolute dispersions are 
reduced to relative bases, comparison would be possible. This is 
done by dividing the range by the sum of the extreme items. 
The quotient is called the oo-effident or ratio of dispersion. 

In our example of the height of students taken above, the 
range is 14 inches, and the co-effitient 

Method of Averaging Deviations. 

Under this method the most common measures are (i) the 
Average or Mean Deviation, also called the First Moment of 
Dispersion. (2) the Standard Deviation, and (3) the Quartile De- 
viation. These are absolute measures. They are converted 
into relative measures called coefficients for purposes of rendering 
comparison between series measured in different units possible. 

Mean Deviation and its Co-efficient. 

The first moment of dispersion, also called the mean 
or average deviation, is the arithmetic average of the deviations 
of the group measured from an average (Median, Mode 
or Mean) taking all deviations as positive. In other words, mean 
deviation is tiie snm (of the deviations from an average 
divided by tjie nnniber of items. It is necessary to treat all 
deviations as positive, since the sum of the deviations from die 
arithmetic average taken with minus and plus signs is zero, and 
that from the median and the mode is nearly zero. 
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Let d sund for deviauon ic diffcrincc Mwcen an 
Mdual Hem and the a\era{!e and m for the value of an jndi'idtul 
tjcm- Then 

d=m — a~devi3tiOii from the arilhinct>c a\eragc 
d«=»H — l/=dc\ialion from the median 
— ^«devianon from the nio<le 
If II be the number of items m a <encs 
^=The First Moment of Dsper^ion from the Anthmcti 
Average represented by S (Delta) 
id 

I'he First Mon ent of Dispersion from the Median 
represented tm 

~'=The Fir«t Moment of Di<oersion from the Mode, 
represented by 

It 15 proper to calculate the mean deviaiioo from the 
meoiai4 oecause the sum of deviations and consequently the 
mean deviation is l«u/ when median is chosen as the origin 
from which deviations arc measured. In practice, however it 
IS easier and not un Satisfactoiy to calculate it from the anlh 
mctic average In case ll»e observations are recorded in groups 
between different 1 mits mean deviation from the median 
is d fficidt to calculate with preosion and therefore 
anthmet c mean rather than the median may be chosen as the 
ongin It IS not common practice to calculate the mean deviation 
from the mode. 

Mean deviation gives us the absolute measure of d sper 
Sion. This is one factor that is required for calculating the 
relative measure of dispersion, called Men Co^ffident of 
Dispersion The other factor requ red is the mean used m the 
particular case Thus 

of Popm on l„m ih. AnlhmM.e Awraje. 
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= Co-€fficient of Dispersion from tlie Median, and 

s 

— Co-effidait of Dispersion from the Mode. 

OaIcaIaii(m of Mean Deviation and its Co-efficient. 

Example l. Required to find mean deviation and its co- 
efficient when individual quantitative observations are given. 
Table 20. CdctdaHon of Mean Deviation of X's Monthly 
Earnings for a year. 


Months 

Monthly 

Earnings 

m 

Deviations from median 
(Rs. 42) 

(-t-& — signs ignored) 
dm 


Rs. 

Rs. 

I 

39 

3 

2 

40 

2 

3 

40 

2 

4 

41 

I 

5 

41 

I 

6 

42 • 

0 

7 

42 

0 

^ 9 

43 

43 

I 

I 

10 

44 

2 

11 

44 

2 

12 

45 

3 

n=i 2 


5;d.»=Rs. 18 


Median or il/= Value of 




—Value of 6 5th item 
=Rs. 42, 

Mean Deviation from the Median, or, S, 

=Rs.i^ 

12 

=Rs. 1.5 


_ 54 

’ n 
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Co dliciont of D,-,pirs,on Iron, the lM,an= 

M 4^ 

“ 03j 7 app 0X1 raid* 

S11U.C the intlimctic mean ind Ihe medan liv e the saire 

%'alues m this example mean deiiation from the inthTie ic neai 
and Its CO efficient of dispersion will aLo hate tin same ralues 
as tho t from the metl an We ap now stile t!«t the mar\ tK 
median camings 0/ \ are Rs 4-* and the earning, deinlc from 
the inein or mednn on m average bv IvS I 5 

Example s Roquirwl lo find mein dcwaiion ind its co- 
etlKient when a discrete senes is given 


Table 21 CaUutolwn of \fean Dtiahon 
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Jitcan De\ialion from Median or 




n 

- 


3Tt 


^1.3; 


Jilean Co-cfildcnl of DispeiMon= _ “ 

M 


^264 


Exampli- 3. Required to find tl^e mean deviation and its 
co-efficient nhen the data are composed of a continuous series, 
measuring the deviations from the median as well as from the 
arithmetic average. 

Table 22, Calcidation of Mean DcviQ-:ioii of Marks of 60 
St^idciils in Economics. 


1 

1 

1 


l)e\ latiou 

1 

Deviutioti j 
from ! 

Total 

1 


frota Meihan 

Total 1 Arithmetic 

DcMuticin. 

Marks- 1 

Mid 1 

Pr". ' 

(35 niyrl.') 

Donation 

Average 
(34.7 marks) 

from 

group j 

r.-llue 1 

quenev ' 

( -f-8, — signs 

from 

Arithmetic 

1 

1 

f ! 

Ignored) 

Median ^ 

j 

(-f-iS. — signs 
Ignored) 

Average 



m 

(7,„ 

/d,,, 1 

a 

fd 

1 

0—10 ] 

5 

• 

30 

120 

20.7 

118.8 

10—20 ! 

lo 

1 - 

20 

1()0 

19 7 

137.0 

20 — 30 


1 11 

30 

lio 

9.7 

100.7 

30—40 

o5 

1.1 

0 

0 

0 s 

4.5 

40—50 

45 

n 

10 

110 

in " 

113.3 

50-00 

55 

7 

20 

1 140 

20.3 

142.1 

00—70 


4 

30 

I 320 

30 3 

121.2 


1 

■jt=:G0 j 

1 

1 

l2(f^^=:7C0 


2^764 2 


(i) Median or mar-ks, by interpolation in (30-40) 

marks group. 

IMcan Deviation from Isicdian 01 8,,,= marks ’ 

= 12.67 marks, approx. 
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Co-^acnt of Dispersion frun Median 36 approx. 

(11) Arithmetic A%erage or 0=34 7 marks 
Mean Deviation from Anthmetic Average or 

= 1274 marks approx 

Co-efiicicnt of Dspersion from Arithmetic Avengt='^'''^"^ 

- 37 apprt®- 

The above example amply demonstrates that mean dcvia 
tion when measured from the median js Ifost for Sn i» 
than i and it would also be Jess than tt or mean deviation from 
any other point 

Charactcnstlcs xmd Vaes of Aleao Deviation and its 
Co-etUcient 

Mean deviation nnd mean eo-cfficient of dispersion are 
easy to calculate and comprehend they take all items into con 
sidcration and give weight to deviations accord ng to their sire. 
The co-effiaent is usefully employed m economic studies like 
the dstribution of personal wealth m a community where th-* 
nch and the poor both are considered But the mean deviation 
does not lend itself readily to algebraical treatment Otiicr 
moments of dispersion have therefore come into use. 


Standard Deviation and iU Co.elIlcIeQt. 

An alternative method of elmmating the algebraical sgns 
of the deviations from^ an average js to square up each 
devaticm This method is empltored here Second moment of 
dispersion is the sum of th-* squares of the md v/duaf dcviat ons 
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from the arithmetic a\eragc divided i)y their number, 7/1." 

n 

Standard deflation is the square root o£ tlie Second 

Moment, z>h , -sj Second Moment or -represented by 

IT (Sigma). Standard de\iation is an absolute measure of dis- 
persion and is im’anably computed from the arithmetic 
average, since it is least wheir arithmetic average is chosen as 
the origin from which deviations arc measured. To compute 
the Standard Co-eflicient of Dispersion, a relative measure, 
the standard deviation is di\idcd by tire arithmetic average, 

vis, IT ^ 

a 

Similar moments and absolute measures of dispersion based 
on mode and median are quite conceivable. Second moment 
of dispersion computed from any mean or value other than the 
arithmetic average is sometimes termed Mean Square Deviation 
and the absolute measure of dispersion based on such second 
moment is designated Koot-Mean Square Deviation But 
root-mean square deviation is converted into standard deviation 
before any use is made of it. Since the sum of the squares of tlie 
deviations from the arithmetic average is minimum, it is obvious 
that standard deviation is that root-mean square deviation whose 
value is the least, and second moment is that mean square devia- 
tion whose value is minimum. 

Calculation of Standard Deviation and its Co-efficient. 

Direct Method 

Example 4. Required to find standard deviation and its 
co-efficient when quantitative individual obsen’ations are 



KjS 
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’labh 23 Laic lattonaj Stendard Hc’ta'xan of \j MohiJj} 
I aril iiffs for 1. mouths l\ the DirtCt ^leihcJ 



Arithmetic Average or o=-iL* =R« o^=Rs 4? 

Second ^foment of D 'person ==^1^ <:^ approi- 

Standard DeMation or v- -yf^^ ^ l7 = Rs 1 7s approx 

Stanibrd Co-efTcicnt of Du\ ation^— =- 125 . = approx 

Wc can now stale that ihe anthineic aierage of the ^rl^c 
'cnci IS Rs 42 and its ^andard dexiat on is Rs i 78 

5 required to SnJ ,u„d„q dei,ai,„„ „j 
co-efTcient when a d sente senes js given 
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Table 24. Calculation of Standard Deviation by the Direct 

Afeihod. 


Size of 
items 

nl 

1 

: ricqucncy 

i 

1 / 

U f - 1 

sum of sizes 

(Frequency ' 

X size of 

item) 1 

mj 1 

1 

Deviation 
from mean 

1 (8) 

^ d 

i 

1 

Squaie of 
deviation 

d^- 

Product of 
square of 
deviation 
and fre- 
quence 

2 

1 


— 6 >1 

' 

36 

4 

2 

s i 

1 -4 

\ 16 

32 

6 ' 

3 

18 

— 2 

4 

12 

8 

5 

40 [ 

0 

0 

0 

10 

3 

30 1 

+ 2 

4 

12 

12 

1 “ 

24 t 

+ 4 

16 

32 

14 

' I 

14 ' 

+6 

36 

36 

! t'=i7 

1 2;m = i36 1 I 

1 a =8 , 1 

1 1 

Sd-’=i6o 


Arithmetic A\eragc or a~ rt— B 
- jf 17 


Second Moment of Dispersion = — 9-4 approx. 

n 17 


StancLird Deviation or <r= -yj 9.4=3.066 approx. 

* 

StandJird Co-efficient of Deviation =-^ =. 3 :^^ =- 3^3 appro^- 

or * 


M’e can state that the arithmetic average of the given series 
is 8, and its standard deviation is 3.066. 

Example 6. . Required to find the standard deviation an 3 

its co-cfficicnt when a continuous series is given. 

Suppose the c 3 ass-inter\'als of a given series are 1-3, 3-3, 
5-7. 7-9. 9-tt. tt-t3. 13-15 and tireir respective frequencies are 
2, 3, 5, 3, 2. I. Then, the class-inter\rals will be placed in the 
first column of a table, their mid-points 2, 4, 6, 8, 10, 12, 14, in 
the second column, which tally with the size of items of table 
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cjamplc 5 abo\c The tniire »\orkinf of tl e example will there- 
fore be the same as that in examfle $ fcsultinff irt this forticilir 
else m the same \ilues of anthmttic avenge, secord n'men^ 
stai d ir 1 deviation mil standml co-dTcicnt of tjispersicn 


Short Cut Method 

The pr«ed ng direct mrihod of computing tlic stJ'ihrd 
dcsiation is cas) and simple tf tlic irnhinelic awroge of th* 
senes is a whole number a* it sras m examples 4 5 ^ ^ 
above But often the inthnictic avera^ happens to he a tnctiof^ 
fhei) tic devntions from the true tnnn would also contao 
fraction The erhuht on of such dcviat on» md their squarm" 
up will be tedious In such cases the short-cut nethod of con 
put ng tltc standard deviation can be usefully entplo'fd m place 
of the d rect meUiod 


The short-cut method of computing the standard detatiofl, 
as we shall prcsentl> see «;av« s-aluaWe time and tiresonw eflfotU 
It gives the same value for the standard devvation as the direct 
method does Tlie procedure is as follows Assume any sue 
of Item as an avera^ compute dcvsstions from it square each 
devaal on summate, subtract from the summation n time^ the 
square of (he difference between the assumed average and Lh* 
true -iv erage dmde b) " and eictrict the square root of tK. quo- 
tient Symbolically 




n (n — a-> * 


where X represents as^^umea avenge* a actual average tT 
•square of deviation /rojn assumed avenge and « number of 

observations 

EmrfU 7 '» akulal.^ sundard demtion of a 

continuous genes The procedure worlol out m th , example 
shall also apply to senes of anj other tvpc) ^ 

«3 the assumed aversfe or Ihe eg mesa a^lTu^o^ 


„ ^ S~ 

represents assumed avenge* a actual average 
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Table 25. Calcidafion of Siandard Deviaiioii by ike Short-ait 

Method. 


(I) 

-2) 

.3) 

(4) 

(5) 

SV 

(7) 







Product of 




Sum of 

Deviation 

Square 

Square of 
Dev. & 

Size of 

Mid- 

Frc- 

sizes [col. 

from the 

of 

Frequency 

item 

value 

quency 

(2) X col. 

assumed 


[col. (3) X 




(3)] 

average (5) 


col. (0)] 


111 

f 

jnf 

d 

X 

J 

fd\ 

1-5— 2.5 

0 

3 

6 

0 

q 

27 

2.5— 3-5- 

3 

4 

12 

——2 

4 

lb 

3-5— 4.5 

4 

5 

20 

— 1 

I 

5 

4-5— S-S 

i S'' 

8 

40 

0 

0 

0 

5-5 — ^’-5 

6 

7 . 

42 

+i 

I 

7 

6.5 -7-5 

t '7 

6 

42 



24 

7.3-8.3i 8 

3 

24 

-*-3 


27 


|«=36 

S;n=i86 



—106 


True Arithmetic Average or ~ 5-^7 approximately 


Let tlie Assumed Average or .v=5; (o— a.-)- — 


/ 186 

V 36~ 



Standard Deviation or, a=‘\/"^^!£ — — If! — £)l 


=1.71 approx. 

' 36 

Standard Co-efficient of Dispersion = ~ . 1'? . ^ . — .33 approx. 

“ S't/ 

Characteristics and Uses of Standard l>e\iatioii and its' 
Oo-efficient. • - 

Standard deriation and its co-efficient possess all tliose pro- 
perties which a good measure of dispersion should. The proce^ 
of squaring the deviations eliminates negative signs, and' thus 





STATISTICS rillOKi aM> ikacticc 


inakca mil nMii.iticd) manipulation of hjjurts eis' Laig«!' 
th s prop rl) s^-^^<hr^i (Itsiatioii Ins Ut-n u cd bv bolcgvsl* ^ 
ha> inn founl lU. fjsounlcs •Hiioog economists for ino 
rca-ijns Firsth the «;quann^ of <lc\ntions Eiit> greater nng« 
to uxtremo items tJi m jt do«, to those difl’crmg on)} shghUjf ft®^ 
the anthmetn. avtragi This factor has harcil) an} aali-e t" 
economic studies since the commtraal or economic statisUo^ 
IS interested in the rdnUs of llic modal class Secondl} n* 
compulation of stambrcl dcxiaton rcrjuires considerably greal* 
liim and cfTort than that of mean deintion For the busincsstnaa 
rufidit\ in the prepanton of results is an important facto 
Therefore in ctonomic and commircial studies there is a tendcnci 
to Use mean deNniion unless there is \ particular reason for «s n? 
the standard deviation 

But «t3ndard (kiiaiton ciijois at least two decided adi’^* 
tigcs oicr tivj mean deviation I irstlj it i< in gtneral k*' 

i iffected by fluctuations of sampling and sccondh it is more «as”' 
amenable to algebnical proces es Thf<c liio proper! es 
standard deviation useful for adimci'd work Its use is thett* 
fore increasing for measuring vanabilit) The standard deW 
non for instance has n special use in the computation of Karl 
l’ear«ions Co-cffieieiit of Correlation whith leill bo discussed n 
a later chapter 

Modulus 

If IS another measure of dispersion basid on tlic scconti 
moment of dispcrs Cn It ^generally represented by c The 
formula used is c~ . -- 

Variance 

The quantitj a* »s loiown as A ar anct 
Co-efliaent of Vanafion 

According to Karl Pearson -ftho first suggested its use 
co-eflicient of vanat on is the percemage lanafion in the mean. 
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the standard deviation being treated as the total \ariation in the 
mean.’ In other words, 


Co-efticient of Vai-ialion or v=ioo 


Standard De\iation 
Arithmetic A\ erage 


= iooXCo-etncicnt of Standard Deviation. 


Thus, in example 8, co-efficient of variation^ iooX.33=33. 
Co-efficient of A'ariation is a relative measure of dispersion and 
has come into use largely. 


Quartile Detiation and its Co-efficient. 

The measures of dispersion discussed undei the First and 
the Second Moments of Dispersion take into account the dc\ia- 
tions of all the items. Quartile deviation, also called the 
Semi-Interquartile Range, is based on the quartiles, and affords 
a genaral idea of the dispersion of a group without considering 
each particular item. The first and the third quartiles include 
between them the middle-half of the items of a group. If the 
dispersion of this half could fairly represent tlie dispeision of the 
whole group, a simpfe method of measuring it will her 

Quartile Dexiation or Q. D= 


where, Qs stands for 3rd or upper quartile, and O, stands for 
1st or low'er quartile. 

Quartile deviation is an absolute mcasuic of tUbpersion.- Its 
relative measure, that is, Quartile Co-<efficient of Dispersion, 
is quartile deviation divided by the average of the tw'O quartiles. 
Symbolically, 


Quartile Co-efficient 


of Dispersion 


Qc-Q 

2 


1 


O^+Q, 
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Calculation of Quartilo Deviation and Its Co-efficient 

Exa if! 9 In examplt i table 20 page 193 43 ?a 

atd O -Ivi ^025 

Qmrtile Dc\iit.on-Ri ■'12Sp<5S =Ks 173 


Quarlt/e Co-e/ficicn' of — '^ 3 ^ 

^ 4 $ 75+40 2 $ 

= 042 approximately 

Lpon the assumption that median fits half svas between the 
upper and Uic lower quartil'« x'e niaj observe that m cor 
example 


l,Wan= ^'J£' =R5 ilZs±i2£3 =K! 42 

and the difference occumng on enher side of it is Rs i 7 a J** 
other words medan is Rs 42 and half the items are with'n the 
range Rs 42*1 7 S 

Ciiaractenstics and Uses of quartib Denahon and Its 
Co-rffiaent. 

Qmrtile delation and its co-efficieni are simple to comprr* 
lend and easy to compute They are quite satisfactory if one t» 
lonccnicd with the main bod\— th« middle half— of the senes 
nnd cares nothing about extreme xanations Quartile deMatioa 
lias 1 serious drawback m that its %aluc will be the same for tho5“ 
senes whose quirtilcs arc die same whatever the distribution 
of the obscrvaliona between the quarijJes and bejond them 
'Th j IS because il considers only the quartiles an 1 not each paMi 
cuhir Item of the array It is therefore not so sensitise as th“ 
mean and the standard detiations 

Choice of Bfeasures of Dlspeisioo, 

A good measure of diSpers cm should possess some sua» 
qualities as an ideal asenge does That m it should be based 
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on all the observations made, easily calculated, readily under- 
stood, affected very little by fluctuations of sampling, and amen- 
able to algebraical treatment. The range, it has already been 
seen, is not a satisfactory measure, and its co-efficient, therefore, 
is not very much favoured by statisticians. Quartile deviation 
enjoys two advantages over the standard and mean deviations; 
It is easier to calculate and clearer in meaning. But, since it has 
no simple algebraical properties and is liable to be erratic, it is 
not good for an}' but the most elementary statistical work, where 
only a rough estimate is desired. It is, however, not unsatisfactory' 
when the distribution of values in a series is fairly s}'mmetrical. If 
the distribution lacks S3'mmetry and there are great differences 
in frequency between successive values of items in the series, it is 
better to select measures which give each value its due weight. 
Such measures are the mean deviation and the standard deviation. 
Mean deviation is less troublesome to calculate than the standard 
deviation, but cannot be used for further mathematical opera- 
tions. If in a given problem median suits the best, mean de^- 
tion would be a good measure of dispersion. But as arithmetic 
mean is the most commonly used average, standard deviation, 
which is invariably computed from the arithmetic average, is 
the most important and the best measure of dispersion. More so, 
because it is die least erratic, and is suitable for further algebraic 
manipulation. Its use is, tliercfore, recommended for cases whete 
positive and comparatively precise results are desired. 

Absolute and Selative Measures of Dispersion. 

Two or more groups may be compared by stating tlieir 
respective means and absolute measures of dispersion provided 
the means of the groups do not ^'a^y greatly in size and the groups 
are measured in tire same unit. If the difference between the 
means is great, it is safer to compare their relative measures of 
dispersion, i.c., co-efficient, rather than absolute measures. For 
example, if the production of a commodity in factory A for 
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soO 

Uirvc siuct'S'ini. \ ir {>«• 1.50 waj md 3;’50 units 
nnd that ! fa 1 r* I ff r iht <imc pifiod runs in tlif order 
/inmi 111 i 4 5 unila fht mean «{o\ntiott ^oo units w txacilv the 

ne m (xi li 1. iso Similarly arc the ranges and the stanlird 

I ti ns uUntiral If onij lhr«< absolute im-isuro arc com 

a falhcKUs contlusion that the aarnhlits of prodoetKK' 
in the tni) f rk no is ihs sime might U drmii Hut svhen the 
m m cocfTci nt c f d fnrsion for iht product on of facion ^ 
2i is i mini si \vi h tht mem co-dtciont of di'persinn for 

I I t r P j , th liff fence m th« degree of rariabifits irt th 

I rodu t I of t! t\\ » factor fs is nude t-knr Accord ng to the 

^ener ! n ! tlut tho lower the co-efTiclent of dUperdon 

(I 111 St in I r U r qiandc) the smaller Is the aariabUity of 
the senes, or in rther word> the greater is its consislencs 
irotlurtion in factor) \ n more variable than that in ftclorj C 
Co-efTicKnls of d spirsion therefore correct Iht wrong impression 
created by the Absolute treasures 

The absolute measures are coiKtetc quantities iml should 
be stated lit terms of the unts of the vnnalle (Rs miJo inches, 
jcArs etc ) It ts imposs bk to eompar* di«pers 01 s in two imi 
Acrses measured in difTcrent un is_^n\ oiu measured in Rs anl 
t! c oth< fins ards — thn ugh AbM>!utc msa<uria of d spers on I oc 
this ri^scni also as alrsadj pointesl out co-«fhcitmts of di»j>sr*iou 
rc ccmputcsl The\ enable comparison between uniscrseS 01 
diffirent characters since ifics arc pure numbers 


Relahon between Measures of D sperslon 

Mean standard and quarlde skMAlions all measure the 
pmpert, i. d,.p„,,on but Ih > do „ <|,ef„cm 
Joe, „oi o perfMlj dotnito yolo„o„ bc,„«„ Ibcm- 
Y« tor modtrald. yjonrartncal dmt.buMoos Iho follm.nE 
rdations are approxit :ately true 


(l) Qmrtdc Dn,« on= ^ (SnnJard Do„ai,on) 
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(2) IMean Devtation= (Standard Deviation), when 

standard deviation is ineasitred from tlic arithmetic average, o. 

(3) o±:2(r or 0—3^ shall cover a majority of the obser- 
\ations of the group. 

The above relations arc not likelc’ to liold good in cases 
where the number of obscrcations is comparati\elv small. 

Lorenz Cim’c. 

The graphic method can also be used for shovring the dis- 
persion of a group. The method adopted by Dr. Lorenz for 
the study of the distribution of wealth (the curve showing the 
distribution being designated after him as Lorenz Curve) is the 
best for the purpose. It is, in effect, a cumulative percentage 
curve, combining the percentage of items under review' with tlie 
percentage of the factor (say, wealth 1 distributed among tltc 
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rtems In other ssoitU u K an <S"* cufNt* fonned by cumulating 
the t’alucb ol the items on each axu and reduang the talucs tltus 
obtaiiud to perecniages o{ the total I igure i on the last paj~ 
illustrates the construction of the cur\e If wealth were equally 
distttbuted among the people the curve w^ould be a straight J n-* 
AB connecting the two extremes of the scales In prafticc bow 
ever curves J ke o or t result The l-ss lh^ distance between the 
Curve showinj, actual distribution anl tlic line of equal dislnbu 
tion the grtaiir is the homogin«tv in the dl^t^butlOn of wcahh 
or Ic<s i5 the dispersion Wide the farther the curve of actavl 
distribution from the line of t-qual distribution the larger is 
He per tnngt of i>oor people and the greater is the concentration 
of w vith in the hands of a few millionaires It is evident 
that d persion in I t« greater than that in a m Tigurc l 

The Lorenz Curve docs not yield a numerical mcasuronent 
of d {>ir«ion ami is m this respect inferior to measures of dis 
persii n But its merit is that it affords a picture of dispersion 
at a glance U should be used along with a a>rfricitnl of dwpetstott 
when a dvtailcif study of dispersion is desired 
Lorenz Curve is very useful in such stu lies as the distnbu ion of 
land wifev and income among ihc popubtion of a country 
or the d vlr hution of profits over different groups of businesses. 

Praclicdi UtiLty of Sleosures of Dispersion 

Measures of dispersion it has already been indicated 
supplement the information given by ilw wean They are coni 
puted to determine the typical character of an average They 
may also be computed for estimating tlie value of a senes itself 
1 or instance the dispersion of tune sene:, affords a measure of 
the consistency or vanabihty of the phenomenon to which the 
senes relates Dctcnnoiation of the degree of vanvbility is 
at times Very important in pdiUco cconom c problems. Violent 
fluctuations ,n production or trade natunlly g,ve a shock to the 


• See Chaster XV 
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economic organism, which affects many people. Measures of dis- 
persion enlighten us on tlic degree of these variations. ]\feasures of 
dispersion are invaluable in the stud}"^ of such problems as inequa- 
lities of income in a countr)', distribution of land among different 
units of agricultural community, wage fluctuations, etc. They en- 
able comparison between different groups of phenomena, which is 
an important function that the Science of Statistics has to perform. 

SKE^VNESS 

Sketvness denotes tlj'e opposite of sjTiunetry. As 
applied to frequency distribution it indicates tliat tlie 
distribution of items in it is not syunmetrical. Skewness 
relates to the shape of the cun'e of a frequency distribution. 

Tests of SketTOess. 

The presence of skewness or asymmetry in a given series 
can be tested in several ways. In a symmetrical senes the mode, 
the median and the arithmetic a\eragc are identical. Therefore, 
skewness or lack of symmetry in a series is shown when these 
three averages do not coincide. It is further shown wdien the 
sum of the positive deviations from the median in a series is not 
equal to the sum of the negative dc\nations. It is also found 
to be existing when the quartiles, or pairs of deciles, arc not 
equidistant from the median. It is also shown W'hen at points of 
equal deviations on cither side of the mode the frequencies are 
unequal. Lastly, if skewmess is present in a frequency distribution, 
its graph will not give the normal, bell-shaped, symmetrical form. 
Rather, the base would be stretched to a greater extent on one 
side than on the other. In curves which are not far away from 
being symmetrical the median usually covers over two-tliirds of 
the distance travelled by the arithmetic average from the mode 
(See Figure 2, page 215). Therefore, approximately, 

M=Z-1- ia—Z) 

- F 14 
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aJictc U stands fnr median 7 lor mode and 2 io' mean, /n a 
sVess curse mode merinn an! anthmttc asmgc nOTivills occu 
.n seqii nee the last Umf* ruHed away the Iirpest m the d rcrfwn 
n ssli i ll e curse is skcsscti 

\\t shall appl) the nUne tests to the foUounnK c»irre. 
1 III. -6 C atculatioH of ^nthmr^r hfrajf Mtd<in andVfo-i 
and ittindarj Dntaitoni 



I tTsl Test The anthinttic asemge i» or 7 i t‘' 

medan — s'alue of J65th item — is 7 and lie mode is “ 
The values of mean medan and mod therefore do not eJcactJ) 
CO node The curse is not perfectls sjTOrrelncal 

5 eornf Test Peviations fron the nurd an m column 5 shos^r 
fme synimetij The negative sum of dev ations — 10 is equal to tl v 
JXwiiive sum 4- lO lead ng us to think tliat the curve is sjtnmelficak 
Thtri Test — Qt — 7 ~i M — Q,—j — 6=i The 

tsiFo qiiartiles h-ippcn to be e<ju -d Unt from the median. There 
fore the curse of the senes appears to base a sSTnmrtncal fomu 
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Fojirih Test: We take equal deviations on either side of 
the mode and compare the frequencies centering round them. 
6 — and 8 are equidistant from the mode which is 7. But the 
frequencies against 6 are 5 and against 8 arc 6. Therefore, the 
series is not perfectly symmetrical. 

The first and tlie fourth tests indicate that the shape of 
the curve of the given frequency distribution lacks symmetr}^ 
while, the second and the third tests show that the curve might 
be symmetrical. The second and the third tests do not always 
provide a correct answer. We may, therefore, conclude that the 
curve of the given series falls slightly short of perfect symmetry. 
‘By hozo much docs the curve lack symmetry’ ? may be the natural 
question. For answering it, we must reduce skewness to numerical 
quantity. This brings us Jo the measures of skewness. 

Measures of Skeu’^ess. 

The first measure of skewness, and the simplest too, is 
based on the fact that in a skew distribution the mean and the mode 
are drawn widely apart. The larger the distance that the mean 
(a) is pulled bejmnd the mode (Z), the greater is the degree of 
skewness. The second measure of skewness is based on 
the fact that in a skew curve the median does not lie half-way 
between the quartiles, the quartile nearest to the stretched base 
being pulled in that direction more than the other quartile. But 
these measures of skewness should be reduced to co-efficients of 
skewness for just the same reasons as measures of dispersion are 
reduced to co-efficients. In computing the co-efficients of disper- 
sion the measures of absolute dispersion are divided by the average 
used. Average would not be the proper divisor here, for the 
question now is not how -much the curve is asymmetrical in 
proportion to values of the items of the series, but how much 
more the items on one side deviate than they do on the ocher. 
Therefore, measures of skewness shall be dirdded by the related 
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measures of di«persion On lhe«e pnnciplis arc based the measures 
and CO efficients of skewmess discussed ticlow 

First Mensnre and Co-cfliricnt of Skemicss 

Measure of Skc\\ness~o— Z ic the difFercncc between 
mean and mode 

Co-clTacnt of Skewness or;- °~lZ- 

or (B) 

^ i*<r^ ^ numerator may t>e substitute*! 

l>^ tJ d fftrcnce between mean and median so that 

M 


>- — (C) 

i/.nnif^?” * monnula m as!.ch stanbrd desaation 

ubo\e soThal’ than mean denatton us-d 

_ a-7 

’ «, (D) 

b«ween*m relationship 

ID) n ^"i ? ^ 

i.-i-'; n a be modified as betow 


3 C-'O 


(E) 


tSlvL . .7 *"1' T° sen« The,e .re 

pil "L S>»i ™«>«re of shoold 

■rrmed .deal or slLda'rrl mahS ’""“""i: s''™'™. ar 

of ol7™r^ T “""'"S "■= or.ol.> 

“or 5„,r, The measure of skeivoess=o-Z=7 1—?=+ 1 
' “-Z I 


1406 


= +c 7 i js ; 


• See page *’09 


1-425 ■ 
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a-M ^ 
Sm 


7 - 1—7 


=+.071 /= 


1.406 

3 (a-M) 

a 


}~ 


—+.1644 


.1 


1.825 


=+.0548 


In' theory there is no limit to the values of co-efficients 
yielded by the formulje A, B, C, & D, and this is a slight 
drawback. In practice the results are raiely very high, and 
for moderately asymmetrical curves they are usually less than 
unity. The co-efficient yielded by the fonnula E lies between 
the limits — 3 and-l-3. In practice it rarely approaches that 
limit. 


Since none of the above formulre yields zero co-efficient of 
skewness for our series, we arc led to conclude that the curve 
is skew. But, since the value of the co-efficient is very small, 
we may add that the degree of skewness is very slight. Skewness, 
it should be noted, is positive in this case, i e., the mean is greater 
than the mode. ' 


Second Measure and Co-efficient of Skewness. 

The Measure of Skewness=(Q3 — il/) — {M — Qi) 

=03+ <2 1 — 2M 

where, Qs stands for upper quartile, Qi for lower quartile and M 
for median. 


The Co-efficient of Skewness, or 


(Q3— M) + (M— Qi) 


— Q2+O1 — .p, 

Qz-Q^ 

This co-efficient is also a pure number, and is zero for 
symmetrical distributions. Its result varies from — i to +1. 
The fact whether the particular value of a co-efficient is significant 
or not is a matter of experience. Tt may, however, be suggested 
that I denotes a moderate degree and .3 a considerable degree of 
skewness. 
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Actordiiig to tlic al)o\e formul-tf, in our 

Measure of SVewnfsi— Q»+Oi~-'f> 
ss8+6— J4 

S=Q 

Co-efutienl of Sl.c«ne*s= ~ 

= ^ 

=o 

ihi3 measure of sV.e\M>f<s ami eoeftiotnt that th' 

iur\e of the frequcnc) distribuiiun in table 26 i» s>inmctncjf-“ 
1 suggestion not MarranteJ b> tin fir<t inea«urc and 
of sl.evsnes$ Tliis is the weal.nr«s of the <etond measure and 
LO-irtiiicnt It IS the same iveakniss as that fo**wseJ 
j lartvle ecrtCf«Kt\<. esf siispet^wev— tlu^ is « taiU to Ukn into 
a count the sisc of the extreme sariiiioiis <ince )1 is concented 
onl) ivtth the quartilcs and the iiwlnn This jimitation vhouU 
be cicarlj borne in mind Ufori results vieljei! It this foftnwh 
art relied ufKin Tins coefficient u smple and cast to dlnj- 
Jate and is sulTiciemly relishlc m tho c studies m «hieh txirwie 
instances arc considered unimportant It is i nther rough and 
ready measure and might be usol where nuartilc deviation is bemj 
used as a measure of dispersion Where coffljiar-iinelv greater 
accuracy ts required, Karl Pearsons Co-eflvcirni of SKtvvne*s 
should be cmpl^ed 

Positive and Ncgatlsc Shenaesi^ 

'^Uvvness can be positive as well as lugitivc If ihc anti 
nienc average is greater than the too<Ic or the m«fian «;he\vne" 
IS positive If It IS less ‘Newness IS negvtne U-hen ‘U-wme^s 
IS PosiHv e mean w ouW trwel to the right of the nw.k m the curve 
would be 10 the left of the modt vihen sktwness is mgative 
our example, the answer »> posMne Foev ive and negvhw. 
wness are sj-mboliSed b> jdus and mmus <igns re^pectiveh 
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Figure 2, below, illustrates slight J’Osilivr skewness. It also 
thows the positions of the mode, the median and the arithmetic 
mean, itidicalcd by Z, and a-rcspeclively, in ati ideal moderately 
asymmetrical distribution : the median travels about 2/3rds tlm 
distance travelled by the mean from the motle. It is also clear that 
the mode, the median and the mean occur in sequence in a skew- 
curve, and the mean is pulled away the largest in the direction in 
which the curve is skewed. It may also be noted that the median 
bisects the area of the curve (called histogram). Mode will remain. 

JtUcl Iloihroitly Aiymmctncal 
Pi\tHbntiun 

SIZi; OF ITEM 

HcJS 

unaffected by the addition of a few more items, but the median 
and the mean will be deflected. 

OLspersion and SkettTiess Contrasted. 

Measures and co-efficients of dispersion, icspectivcly, indi- 
cate the absolute and relative differences between tlie individual 
items of the series and an average taken as tlie standard. They 
do not, liowcvcr, show the extent to wliicli deviations cluster above 
or below Utc average selected. 

Measures of skewqess, on the other hand, show th(' extent 
to which distributions arc pulled away, or distorted, from the'-’ 
ideal, symmetrical curve. In a symmetrical curve the mode. 
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the mcdnn and the mnn ccnnodc in in unsimmelrical cunc 
they do not Measures ot sV.tv.ncs9 hn\c Ih<> functioni to pcrfo'ni 
firstly, they indicate the direction of isy-mmetry through their 
positive ind negative character sccwkIH thev measure thf* amcOTl 
of asymmetry in absolute or nlitivc Uruis through the va i 
obtained for the measurt. or the co^fiment 

The theory of skcivni»s is more iinfwrtant m biological 
studies and other stud es depending more or less upon t.i 
laboratorv experiments tlvin m economic ifid social invcstigatioi'* 
}n social and economic tnqwrua a perfecih s\Tmntinai distn 
bution 15 an exception anl a large degree of skewness is generally 
expected 

It IS interesting to note the important fMrt that median 
ind <juartil« play in statistics Three cKiticteriMics of i group 
cm ^ studied through them alone the median loctling tb 
centnl position quartile deviation showing dispersion and the 
second measure of skewness showing «kewnes> It n •'V agim 
be noted Uiat skewness rcLilcs to the shape of the cunc rather than 
to Its Size 


nxcRciscs 


(l) WTiat do voii understand by disliersion' Txplim the 
various melhfxU of it> meavumnent and point out their advantages 
and disadvantages 

(CCom LucL 1030) 


(2) Mention the importnnt methods of measuring di'per 
Sion and discuss their comparative mcnis 

(BCom Agra, 1943) 


(3) What IS Skewness’ How would vou find 
symmetneal distribution’ Dbtiiiguish fictvveen 
negative skewness 


It in a ron 
positive and 



ring these’ 

(BCom, And, 1943) 
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XJisUnguish between absolute and relative measures of 
dispersion. Why are the latter computed? 

(6) Write short notes on — 

Range, First Moment and Second Moment of Dispersion, 
Standard deviation and Quartile deviation, « , , 

(7) Describe the methods of calculating the Standard 
De\iation and state the relationship between it and the Itlean 
Deiiation for a moderately asymmetrical distribution. 

(8) What do you understand by Modulus, Variance and 
Co-efhcient of Variation? Give their formulie. 

(9) Explain with the help of specimen curves 

(a) Lorenz Curve, (b) Moderately asymmetrical cutwe. 

Point out their salient features. 

(10) Calculate the Mean and the Standard Co-efficients of 
Dispersion of the two series relating to marks m Economics and 
Politics, given in exercise 23, Chapter X, page i 74 -_ What light 
do the coefficients throw on the variability of the series? 

(11) Find the Mean and Quartile deviations of the popula- 
tion of 36 cities of India given in exercise 20, Chapter X, 
page 174. 

(12) Find tlie coefficient of skewness of the series given in 
exercise 22, Chapter X, page 174. What is the cliaracter of 
skewness — positive or negative? What docs it imply? 

(13) From the data given in exercise 24, Chapter X, page 
175, compute the coefficient of skewness, and state what light the 
coefficient throws on he shape of the curve to be drawn from 
the data. 

(14) _ Calculate the mean and standard deviations of the 
maiks obtained by students in Class A and Class B, given in exer- 
cise 29, Chapter X, page 177. State, what you can, about the 
vai lability of the marks. 

(tS) the standard dexiation and its coefficient for the 

frequeiKy distribution given in exercise 36, Chapter X, page 179. 

(16) Find the mean deviation and its coefficient for the data 
given m exercise 36, Chapter X. 

(17) Draw a cun-^e of the figures given in exercise 40, 
Chapter X, page 180. Do you think it is a peifectly symmetrical 
curve. \ enfy your answer by finding the mode, median and mean. 

(18) Calculate the coefficient of mean deviation and the co- 
efficient of quartile deviation for the marks obtained bv 30 
students, given in exercise 4fa, Chapter X, pages 112-183. 
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(19) Caloilafc «l c rmgc and Us ct^fncient for the wlues of 
exforts and imports gnen in tTrrcise ^^3 Chaj tr X page 181 
Comment cm jour resuJt. 

(.0) Calculate the cixfikienl 01 A-arnticm of the following 
monihlv incomes of twentj fam lies g\en Ltlow in rupees — 

2 0 » 35 -too *5 40 1 50D 300 6 90 .;,0 ’O 
12 JO 150 b 2j 3> I 2(M C(> 

(BCom Mid 19.1O 
(21) Find the ^nlhmetiL \Aenge Iht I irsl Moment of 
F> «pers on md the Standard I^eMatr-n from the data m the 
folio \ mg wies — 


of Item 

Frtqucncj 

3—4 

3 

U 

7 

22 


60 

7—8 

8a 

8—9 

32 

9 — 10 

8 


f’ ) The fo^!o^\mg table «!o%v< the number of worker m 
two factories whose weeklj earn ngs aie gi\en m column fl> 
^termne the mean Aalucs of ueekij eammc« and stands u 
oeMTt on in both factone< 


Range of weekl 

Number of i 

erkers in 

earn ngs 

1 actor A 

Fac or> B 

4-^ 



S 

8—10 

3 -^ 

3-M 

i'j 

10— 


I •’—14 

I4 — 16 

‘o ' 

iS 

if^— 18 



18 — 


3 




t 

T TAL 

not 

900 


(Va Cal 1036) 
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("23) Calcubte the mean deviation from the following data, 
Wliat light docs it throw on the social conditions of the 
community? 


Difference in 

(lijc bchiven husband and leifc in a particular 
coinmunitv 

Difference in 

years 

I'rcquency 

0—5 

« • « * 

449 

5—10 

* • • • 

705 

10—15 

« « • « 

507 

15—20 

• « * • 

281 

20—25 

« • > « 

lOO 

-’ 5—30 

« 4 • % 

5 -’ 

30—35 

• * • • 

10 

35 — dO 

■ • a • 

• • 

(R.Com., Boni., I'jSd). 

(24) Wiiat do YOU understand by 

(lie term 'dispersion’? 

Kanie and describe two standard measures of dispersion. 

This index numbers of prices of cotton and coal shares in 
1942 were as under : — 

Index number Index nuniba 

Alonth 

of prices of cotton 
shares 

of prices of cea! 
shares 

January 

188 


February 

178 

130 

March 

173 

130 

April 

164 

129 

May 

172 

129 

June 

183 

120 

July 

1 84 

127 

August 

185 

127 

September 

211 

130 

October 

217 

137 

November 

232 

140 

December 

240 

142 


Which of the 
price ? 


two shares do you consider more variable in 

(M A , Agra, 1944) 


(25) Calculate the mean and the standard deviations of the 
following figures and state the percentage of cases which lies out- 
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Side the mtin nt distances a±3fli:3cf, uhcrc a Minds 
for the standard deviation 

115 117 121 125 116 120 xi8 117 119 116 
122 124 123 itS 120 118 126 127 122,125 

(26) The following taUt guts Uk exports of some commo- 
ti tics from India — 


*93738 *93839 *939-40 1940-4* *94* 42 


Exports of Pig Iron 
(oc» tons) 

Exports of Kaw (.ottoti 
000 bales) 

Exports of Cotton good* 

(million )ds ) 

W hich of the 
(0 ve%r 

(27) Summary of Rieittpts and Passxnj rs of a certain 
^loiar Bus Co 

Passengers 
SO 010 
61 060 


0 9 

5-5 

■? 7 -’ 

596 

S22 

273^ 

2703 

2948 

216S 

*438 

- 4 * 

*77 

221 

390 

779 

i exports Is th- 

most v-anable 

from sear 


Year 

Receipts 

*925 

2 354 

1926 

2780 

1927 

34 >ii 

1928 

3020 

*929 

3 > 4 * 

*930 

4 150 

* 93 ** 

5000 


70 no 
83001 
9 * *00 
100000 
(B Com Alld 1932) 

passengers greater than that in 


/f o, . (B Com Alld 1912) 

y'taS) Calculate the Slandard Dei.-.» r . 
data with regard to 2 298 families in ‘ ^ following 

• The tor 1931 are mere 
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Number ] 

persons in j 
the famil) j 

1 

1 

2 1 3 1 

! 

4 5 

1 

6 

7 ' 8 

i 

1 

9 ' 

1 

! 1 

1 10 

1 1 

11 1 12 

J 

Tot.aJ 

Number of ! 
families 

( 

1G6 55^1 580 
i 

433 

[ 268 ! 148 

1 ' 

77 ' 41 , 20 

1 1 1 

J 

18 

i 

1 5 1 1 

i 1 

{ 2238 

1 



(M.A., Alld., 1942). 
The following are the rents of 18 houses in a certain 


Ks. 

a 

Rs. 

a. 

6 

8 

6 

4 

5 

0 

3 

0 

5 

4 

9 

0 

5 

0 

4 

8 

5 

4 

4 

0 

4 

12 

3 

0 

4 

0 

0 

12 

5 

0 

5 

0 

4 

8 

3 

0 


Calculate the mean deviation of this group. 

(B.Com., Luck., 1930). 
(30) The following table gives the number of finished 
rticles turned out per day by different numbers of n oriters in a 
factory. Find the mean value and ‘standard deviation’ of the 
daily output of finished articles, and explain the significance of 
‘standard deviation' — 


Number of 
articles 

Number of 
V orkers 

Number of 
articles 

Number of 
workers 

iS 

3 

23 

17 

19 

7 

24 

13 

20 

II 

25 

8 

21 

14 

26 

S 

22 

iS 

27 

4 


(B. Com., Cal., 1937)- 

(31) Write short notes on 

(1) Dispersion 

(2) Standard deviation. 
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Calailiii the snn iird desiatioa from ihc following data 


Size of Item 

6 


i requencv 
3 


iT\sr 


Utal 


<BCom Bom 

^ (BCom Nagpur I9-W) 

1,3 j I ind out 1 cocflicicnt of dispersion and a coefficient 
of >k<. Mitss from tJu loUowing figures and explain them — 
Imonu m Uupecs Number of Persons 

I an I not exceeding 9 50 

10 19 70 

ig -8 203 

-8 37 40O 

A<> 3'^ 

S5 42 

5 

(.BtJam Nag i9-»3) 
The following table gnes the an-a under culurttton 
t net cxiwn and pnet of wheat in the Li S_\ — 

Production Na export Price per 
tmil) ons of ’■ ■ - - • 

Bushel) 


46 
55 

(33) 
product 0 


1890 

1900 

1900 

1910 

JQta 

1920 

ig-’a 

1930 

>93a 


Area under 
cuhiration 
(millions ot 
Acres) 

367 

389 

492 

463 

458 

603 

623 

s-’-t 

626 

513 


(millions of 
Bushel) 


Bushel 


449 
>42 
599 
706 
^ a 
looS 

843 

61^ 


109 

130 


Cents 

84 


0 

183 


Compare the coefficient of A-anauo i of ar 
and net export of si heat for the whole period 


83 

1 under cultn-ation 


(MA Patna 1941) 
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INDEX NUMBERS 

Au Index Number is a number which indicates the 
level of a certain pl^enomencin at any given ,date in 
comparison with the level of the same phenomenon at 
some standard date. It offers a device for estimating tire 
relative changes of a variable in cases where measurement 
of its- actual changes is inconvenient or impossible. If 
we want to measure the changes from, one period to 
another m a factor, the change may not be capable of 
direct measurement. But, an evidence of it may be had from 
a measurement of the quantities influenced b}* the factor under 
consideration. These measurements may be expressed in diffe- 
rent units. Therefore, their movements will not be directly 
comparable. To make them comparable, we may reduce the 
changes to a common denominator. Wc may, therefore, express 
them as percentages of similar measurements for a selected 
dale. When so expressed, the percentages shall fomi a group. 
Each one of these percentages shall throw some light on the 
incommensurable, hidden factor about which we desire infor- 
mation. If we take an average of all these percentages, it nould 
afford an approximate idea of the change in the factor m 
question. This average is called Index Number. Thus, averages 
linked with percentages constitute the whole basis upon which 
is raised the superstructure of a simple device of comparing 
factors which are not directly comparable. 

Let us take an example. Suppose wc are concerned with 
measuring the general changes in the price level. These 
changes are not directly measurable. EUdence of them can 
be seen in changes in tire prices of differciit commodities 

223 
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Quolalions of thc'ie pnces shall be av nhblc m difTcrcnt unu 
■*</ of wlital m Rs jat maumi of cotton m Ks jnrr bale of 
petrol in per gallon The) are not tlirectl^ comjxirable If 
we plot them on a graph paper reliable concluMOns wilh regard 
lo thiir moMineiitb will hardh be drawn To make them coni 
parable we mav express them as j*ereeiitagis of corresponding 
prices of some selected date fbe^ percentages relating IJ 
different commodities for the same ilaU shall constitu e a group 
Each of these percenlag s shall reflect in one wa^ or the oilier, 
the change that lias taken place in the general price level Wien 
we compute an average of tlu c percentages the resulting' avxrage 
would show an i; proximate general change m the level of prices 
from the standard date to die <btt under consideration ’l"h > 
avenge is called the WTioksale f’riec Index SiimbcT, or tli* 
bentral Index Number 


Index numbers are not used for measunrig changes in 
the general level of prices alone They arc as well emplojetl to 
measure movements of wages cniployinent ce I of living sales 
prc^uction investment bus ness acmitv shares and stocks 
and a multilude of oltur phonoinona o\or a penod of tuna 
In fact where an attempt is made lo bring to light vifiat is 
enshrmided m cmnplea lariations of the items of a limi senes 
the, are invalliable to irse Moiement m prices is a matter o. 
general economic intcrcsi To a laj-man a rupee is j.ist a rupee, 
but changes m ns purchasing a„ mry often a nuisance 

««™bcrs IS partl> for this reason general y 

studied in connection with pnces “ 

Fluctuatioos in General Price Lead 

Pnce'’oT?°' "■>' “f™ 'Vhenlh- 

Cd in , Z 'ke reason for it may be 

c™o^„d,„?^?, " “Wmodit, iiithout a 

.r„ri.rciL" .r ■; 'S' 
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if the price of a commodity which is a substitute for anotlier 
changes, the reason for it may, in addition, be attributed to a 
change in the supply or demand of the substitute. But, when 
tire prices of two, or a number of, unrelated commodities, may 
brassware and cloth, rise or fall togetlier, several reasons may 
be advanced to explain the situation, but the real one may lie in 
an alteration in the measuring rod itself. This measuring rod is 
money, and its value, unlike that of other measuring instruments 
such as the foot-scale, the maund and the yard-stick, changes 
with supply of and demand for it. Change in the value of 
money implies change in prices. According to the Quantity 
Theory of Money, a fall in the value of money is the same thing 
as a rise in the general level of prices, or vice versa. But, if 
change in the value of monej' were the only cause of change in 
prices, the prices of all commodities would show nearly the same 
proportional rise or fall, and, tlterefore, it would be easy to say 
in what direction the value of money or its purchasing power 
moved by looking at the change in the price of any single com- 
modity. As we .know, change in tlie value of money is only one 
of the several causes, and it may be so intenningled witli other 
causes like fluctuations of demand for and supply of goods that 
it may be difficult to say to what extent the value of money has 
changed. This complex phenomenon is simplified through tlie 
device of Price Index Numbers. 

CONSTRUCTION OF INDEX NUSIBERS OF PRICES. 

We have seen tire necessity of constructing Index Numbers 
of Prices. The tedinique of their construction, or, for the 
matter of that, of the construction of any index number, involves 
the following major problems; — 

I. The selection of items to be included; their number 
and quotations. 

II. The choice of the base period. 

-F IS 
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III riie OTx. of average to be used 

IV The sjstem of weighting to be adopted 

Selection of Items, 


Selecting the Oommo^Ucs 

The general index number is based on the pnees of con 
raodities cxdianged in the market But, it is neitlicr possible 
to include nor to obtain r^uhr price quotations of olt the c«n 
modiius Uiat arc bought and sold in various markets of a countr/ 
Therefore the number of commodities on whose prices tlie geoenl 
ludex number is based lus to be brought down to a manageaUe 
limit. That is sample data have to be used The coimnoditics 
‘elected for the purpose should be 

(a) Representative of the wsles habits and cust«m 
of the people, 

(b) Easily recognisable and 

(c) Unlikely to vary m qualit) 

These restrictions would not allow a large number of nunu 
factur^ goods to enter the index number, since lhe> varv 
in quality Nor mil personal services be included since tbev 
are not represented by tangible goods and can be measureil 
in none but the moneurj standard. Reliable quotations 
how wer, of foodstuffs materials and serm manufactured 
g^ are usually avaifable. Therefore the choice of items on 
which pnee index numbers are generally based is restricted to 
th«e commodities And even of these commodities tho>- 
whose qualties and discnptions are standardized are commonl) 
selected 


Deciding the Number of Commodities. 

“ »tat number of itOTs 
the „™ber 1„ fac. Ia,s„ .fc. 
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woul'd be the random sample and the greater would be the 
tendency for errors to compensate one another. But it should 
also be noted that complications, expense and delay in constructing 
the general index number increase with increase in the number of 
items. Therefore, a reasonable number of items consistent 
with econoni}'-, simplicity and accuracy of construction should 
be taken. In India, the Calcutta Wholesale Price Index Ntonber 
includes 72 items, and the Bombay Wholesale Price Index 
Number 40. In Britain, the Board of Trade Wholesale Price Index 
includes 200 items, the Bconomist and the Statist Wholesale Price 
Indices include, respectively, 58 and 45 items. In America, a wider 
range of quotations is in use; the \U.S. Bureau of Labour Statistics' 
Index of Wholesale Prices includes 450 items and Dun’s Index 200. 

With tlicse indices may be contrasted the so-called 
"sensitive” index numbers which are based upon a smaller 
number of items (say 20) supposed to be specially sensitive to 
fluctuations in business conditions. ‘Index numbers of weekly 
wholesale prices of certain articles in India’, based on 23 comqio- 
dities compiled by the Economic Adviser to the Government of 
India, the index of 15 commodities compiled by the Bank of 
England and the index of 20 basic commodities compiled by 
•Federal Reserve Board of New York may be cited as examples. 

Obtaining Price Quotations. 

When the commodities have been selected and their num- 
ber decided, the next task is to make arrangements for ob- 
taining regular quotations of prices. Quotations may be had 
from standard trade journals or from leading businessmen dealing 
in the commodities selected for the index. Great caution is 
required in selecting reliable trade journals and dependable 
business houses. We have seen in Chapter VII'^ why quotations 
of prices published in India are not fully reliable. If the agency 
of correspondent businessmen is to be employed, leading 


> Cf. r&gc 78, 
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businessmen of one town alone will not be representative of the 
entire country Nor is it feasible to ba%e quotations for a com 
modity from leading dealers of all the towns of the country 
Therefore, reprcscntati>e places fn»n which quotations would U 
obtained wilt have to be selected That is, a sample of fotnu 
will be talien. The criterion would be to select those places 
where a given commodity is bought and <old in large quantities 
It IS not necessarj that quotations for aH the selected commodities 
should be obtamed from the same place but it would be econo 
mical to get quotations for as many representatne commodities 
from one to;vn as possible. 

After obtaining a sample of towns it would be necessary 
to hate a sample of the leading dealers of the selected towns 
for the reason that quotations of prices cannot be had from off 
the dealers in selected terwns. 


How ebonld prices be quoted?— Prices should be 
quoted as so much money per omt of a commodity (r p , Rs 5-8-0 
per maund) and not as $0 much units of commodity per unit of 
money (e p 7 seers 4 chattaks per rupee) The former are caUed 
money pnccs and the latter quantity pnees Before 1907, paces 
in Pneci and JVoget tn Indus published by the Government were 
expressed as seers and fractions of a seer per rupee. Use of such 
quanuty prices needs proper care and caution Mone> paces 
W mversely with quantity pnees and the percentage nse and 
faU also vanes in the two notations. Thus if ncc seUs at 4 seers 
P«- rupee and later changes to a seers per rupee the quantity 
pace would be said to show a /olf from ioo5i& to 30% But the 
money pnee for nee would change from Rs 10 per maund to 
Rs 20 per maund. It would show a rue from 100% to 200% 

be emphasized that the quotations slioold 
relate to wbolestde pn«8 and not to retail paces if changes 
m gene^ level of pnees are to be measured molesale 
pnees are far more umform over a given region for the sam- 
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day and are more sensitive to tlie slightest changes in the condi- 
tions of demand and supply than are the retail prices. Whole- 
sale prices are, therefore, a better guide for disclosing movements 
of economic forces that affect and determine prices than are the 
retail ones. Retail prices, as a matter of fact, lag behind whole- 
sale prices both in their rise and fall and they also fluctuate 
between narrower limits. 

While making arrangements for obtaining price quotations 
the quality of the commodity should he correctly specified, 
otherwise prices of different qualities of the same commodities 
may be quoted from different places at the same time, or from 
the same places at different times. If such is the case the resulting 
index would be a hotch-potch, incomparable figure. To make 
matters easy, quotations of those commodities whose qualities 
and descriptions are standardised are taken. 

If it is found necessary to give special importance to a 
commodity, quotations for a few different qualities of the same 
commodity may be obtained. For example, if special importance 
is to be given to sugar, the prices of sugar bearing the trade des- 
criptions of Marlwim-ah Crystal, Dobarrah, Java White may be 
taken separately for eacli selected town. This would be one 
way of assigning weights to different commodities in proportion 
to their importance. 

How often should the quotations be obtained? — Quo* 
tations can be obtained daily, weekly or fortnightly depending 
upon the nature of the index number. For a monthly index 
number two quotations per week would be quite adequate. 

A somewhat delicate problem arises when the price of an 
article is 'controlled’ by the government, but illicit sales take place 
at uncontrolled prices. 

Averaging the Price Quotations. 

When price quotations have been obtained, they ' should 
be averaged. The process woidd be to add up the prices .'for 



230 


STATISTICS THCOSY ANT) PRACTICE 


a commodit) quoted from all the selected places on a particular 
date and divide the summation by the number of places 
The quotient would give the average price for that commodity 
for the country for the particular date if daily pnces are being 
used or for the week if weekly prices arc bemg received To 
calculate the average price for the month or the year the 
procedure would be to suounate weekly average or daily 
average pnces of the same commod tj and divide the simi b> 
the number of weeks or days as the case may be. If however 
the mdex is to be based on the prices of only one town only 
its wholesale pnces would be used and the necessity of 
sinking an average of the prices for the coimtry would be 
avTwded 

The following table gives the average yearly wholesale prices 
of certam coramodit es m Kanpur in rupees per maund It is 


Table 27 Average Wlolesde Pnces of Certtnn ComtnodUies 1 » 
Konpur 1928 — 1934 




Arertga Pnces 

)& Bs 

per Uaimd 



- 

lO-'S 

19*’!) 

1930 1 

1931 

1933 

1933 

1931 

1 

Rea 


77 

SS ’ 

41 

43 

41 

37 

3 

TVlMit 

77 

55 

36 , 

27 

31 

35 

23 

3 

TjTnieed 

70 

«0 

65 

4 ” 

35 

34 

36 

i 

Qnr 

65 

73 

63 

45 

35 

31 

41 

6 

Cotton 

34J 

298 

173 

13 3 

14 S 

125 

135 

e 

Tobaefo 

173 

171 

145 

116 

4.9 

49 

57 


poposed to donoosMc the precesse, aod methods mvolt-ed 
m ^tracting general mden tnimben from the data gnen m the 
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Choice of Base. 

After the prices have been averaged, the nexf step in tlie 
construction of index numbers would be to reduce the average 
prices to relatives. For doing so, an appropriate base in terms 
of which the prices shall be expressed as percentages should be 
selected. Two methods are available for the purpose: 

I. Fixed Base. 

11. Chain Base. 

Fixed Base Metliod. 

In the fixed base method either (i) tlie average price of 
some arbitrarily diosen year is taken as the base, or (ii) the 
average of the prices of a period of years is taken as the base, 
and the base diosen is adlrered to for an indefinite time. In 
following the latter method either tlie prices for five or ten years 
may be averaged, or the prices of the entire period for which index 
numbers are to be constructed may be averaged. This metliod 
is useful when the data are reviewed at the expiry of a period of 
years; but the former should be preferred if the data are to be 
made of a continuous character. If an arbitrary year is chosen 
as the base, it may happen to be an abnormal year, for instance, a 
year of labour unrest, of war or of financial crisis. Theirefore, 
in selecting a base year the fact whether statistics of that year 
are reasonably normal should be specially considered. If an un- 
usual year is taken as tlie base, the index numbers calculated on 
it will have to be qualified with a statement drawing attention 
to the abnormality of the base year. To avoid all this, a base 
period is often chosen. In averaging the prices of a group of 
years, chances of abnormalities being present are reduced. 
Average of a period of years — ^rather, of the whole group of years 
to which the series of prices relate — is representative, is less- 
affected by cliance variations and is most generally applicable in 
statistics. In India, however, the wholesale price indices and most 
cost of living indices use a single year as base year. Only in some 
cost of living indices is the average of a few years taken as the base. 
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Computing Price Kelati\». — The average price of ih 
base chosen is taken as lOO, and the price m each of the olh« 
years is expressed as a percent^e of this amount. Thus, 

Pnee of a commodity for the current year 
Price of the commodity for the base year 
will give the percentage (or pnee relative) for the current year 
I.et us choose 1928 as the base year to convert the data relating 
to other years, in table 27 above, into index numbers Th* 
percentage pnee of nee m 1930 on the basis of 1928 u 
Ps 55 - 

^ ^2 Xioo— 79 This pnee relative is the index number ftir 
nee for 1930 with 1928 as the base. All the relatives in table 28 
from line 1 to 6 , have been computed m this manner with 192S as 
the fixed base year 

Table 88 fured Sate SelalnvJnd^xjyu»il>ers of ]Vholtsa!e Pntfs 
of Certain Cotnmodthee m ^rc«/«r, 192S— 1934 (1928*100) 
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period of years. Contrasted with it is the cliaiu ' base or the 
shifting base method in wliicli tlie relatives for each year are 
calcttlated upon the prices of the preceding year. Thus, the 
base year is not fixed, but clianges from year to year. If, how- 
ever, it is desired to convert these relatives to one common base, 
they are chained together. 

Computing Link Kelatives. — ^According to the chain 
base method, in our example, we would express the 1929 
figures as percentages of those for 1928, and get index 
numbers for the commodities for 1929 on 1928 as base; then, 
for 1930 we would express the 1930 figures as percentages of 

those for 1929 and obtain index numbers for 1930 on 1929 as 

base; and so on. Thus the percentage (or, link relative, as it 
is called in the case of chain base method) for rice for 1929 is 

Rs. 7.7 , . Rs. 5.8 ^ , 

^ — ~ X 100= 105, for 1930 is — X 100=75, and so on. 

Its. 7*3 . Xs. 7*7 

The link relatives in table 29 from line i to 6 are based on 
the preceding year, that is, the years are linked together. 

Table 29. Chain-Relative, Index Numbers of Wholesale Prices of 
Certain Commodities in Kanpur, 1928 — 1934. (1928=100). 


lane 

Commodities 

. 

Percentages or Kelatives Based on 
Preceding Year 







1934 

1 

2 

3 

4 

6 

6 

Biee 

"Wheat 

Linseed 

Gur 

Cotton 

Tobacco 

100 

100 

100 

100 

100 

100 

105 

71 

114 

112 

87 

100 

75 

65 

81 

85 

58 

85 

71 

75 

65 

68 

77 

80 

105 

126 

83 

83 

111 

42 


90 

88 

103 

133 

102 

116 

7 

Total of Link Ee- 
latives 

son 

589 

449 

436 

550 

561 


8 

Average Link Ee- 
latives 

100 

98 

75 

73 

92 

94 

106 

9 

Chain Eelatives 
(1928=100) 

100 

98 


54 

■ 

49 

40 

49 
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Tjiw of A\era;;e to be used 

The relatl\TS arrnn! at by the fixed base method or l!e 
diam base roe hod should be ftseraged to yield the required final 
index numticr In theory, an\ {orm of average can be used fo* 
ihe purpose In practice, lunxoer Ase are to choose among (aj 
arithmetic lAerage (b) median and (c) geometne mean Lidm 
8 9 and 10 of table rS gne rcspecuielj, the anthmctic average 
raedun and geoiretnc mean of price felili«s computed according 
to fixed base method These a\irages are the final index numbers 
of wholesale prices m Kanpur for ditTcrent seirs niih 102S as 
the ban 


\riihmetic Blean of RekitUes in Fixed Base Method 

The arithmetic aserage has the adnntage of being readih 
inte gible but sufTers from a bias nhich it is not easy to re 
mmt It u iM much alJcari by the rttremra, it pyes loo 
much 'wght to increasing pnces and too little to ‘ dccreasm? 
rTitl. 1'. «< telai.ra. as ne stall see 

siette " 'h™ 'k- 

ofpne« ® the typical mos ement 


Meellai of Kdathe. tn rtxed Base Method 

Median is the easiest to catcuLu# 1 
oeee the anUmet.e atemge Stt ,t “ b » f f 

«teo,e t toXe , W , , I"'"’ ' 

n-p.cal of p„ee moveotems than ttaul,^ o i" 

be p«,,.ble liod tut c^.JZZ e 7 " ."‘l 

s« meduns tad to be mtenx.hted. BeiZ , 

emt,e «he„ the number ofTems ts “i, 

of relatives „ not mers.ble Tberefom F ' ' 

“table tom of avemge ' ' '“b “ •“» * 
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Geometric Mean of Relatives in Fixed Base Method. 

The Geometric mean is of value when items in a group are 
considered from tlic viewpoint of their relative differences 
ratlicr tlian that of absolute differences. Therefore, it is reason- 
able to use it in computing index numbers where the items to 
die averaged arc themselves relatives. It is indeed suitable for 
measuring the average ratio of change in prices for it gives 
equal importance to equal ratios of change. For instance, when 
geometric mean of relatives is taken, the effect of doubling of one 
price is perfectly counterbalanced by the halving of another. 
This is not the case with aritlimctic average or median. Similarly, 
if the price of one commodity rises by 50% and that of anotlier 
falls by 50%, the arithmetic average of relatives will neitlier rise 
nor fall implying that there is no change in the price level, while, 
in fact, both tire prices show a change. The geometric mean of 
the relatives would, in this case, show that there is a change in 
price. Table 30 illustrates these ttvo ideas. 


Table 30 Fixed Base Index Numbers of X and Y Commodities; 

(1941 = 100). 


Commodities 

1941 (base year) 

1942 

1943 

Price 

Relative 

Price 

Relative 

Iprico 

Rs. 

7.5 1 

' ^ 1 

Rolativo 

X 

Y 

Bs. 

5 

4 

100 

100 

Bs. 

10 

2 

200 

50 

150 

50 

Total of Eelatives 

1 

1 ! 

200 

1 

250 


200 

Qoomotrio Mean of 
Beiatives 


100 

■ 

100 


87 

Arithmetic Average 
of Beiatives 


100 

■ 

125 


100 
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The price of X commodity is double that of 1941 in IJW* 
and of Y commodity is half that of 1941 m 1942. The anth 
metic average index number for 1942 on 1941 is 12$ implying a 
2S*T> rise in general price level, but the geometric mean indei 
number corrects tins impression by shoinng that there is no 
change m ihe leiel of paces in 19.12 as compared with 1941 
Again in 1943 price of X commodity has risen 50% over that 
in 1911 and of Y has fallen 509^ below that m 194* The 
anthmelic aicrage index number for 1943 on the base 191^ 
IS 100 impljing that there is no change m the level of paces but 
the geometric mean corrects this impression by showing that th* 
index number m 1943 falls to 867 or 87 Trom these examples 
It wiU be clear that the geometric mean through its propertv 
of givuig more weight to smaU items and less to large ones, 
creates the effect of reduang the influence of upward mottments 
n paces and increasing that of downward movements TJus 
property is of great >'alue in traong the course of paces. Geo- 
melnc mean has the further advantage that it makes possible Ih 
replacement of commodities which have ceased to be representative 
by those which have become representative without affectn® 
the balance of the index, 'ttt another advantage of this mean 
IS that index number calculated by using it is rmersible that u 
change of base >ear can be made without affect ng the proportionate 
change in the general index. Geometric mean li therefore hkdy 
to be more typ cal of the changes in prices than are the anth 
metic mean and the median Its use in index number con 
stnicuon 15 growing although anlhmetic average has so far been 
laigdy used 


Chain Relatires 

In Ubk In* rdalives from W i lo 6 have been ealcukted 

rathe Cham iHue method and totalled up „ l,„e 7 In Ime 8 

eiage In* rektives have been computed bj- dmding tie totals 
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in line 7 by 6, the number of commodities. These are the index 
numbers on the chain base principle, x.e., the index for each 
successive year is based on the preceding year. If it is desired to 
base them all on 1928, they may be placed in a chain. This is 
done in line 9 by using the arithmetic average. These chain 
relatives are the index numbers for different years on the chain 
base method in respect to the year 1928. The process of chaining 
together die link relatives is as follows : 


Then 


Average link relative for 1929 referred to 1928 is 98, 

Average link relative for 1930 referred to 1929 is 75, 

'Average link relative for 1931 referred to 1930 is 73. 

98 


100 


.X75 will give a chain relative index for 1930 on 1928, 


, 98 V 75 

and ^ X73 „ - „ „ 1931 on 1928. 

Further chaining of link relatives has been done in similar manner. 

The chain base method has two advantages. Firstly, 
it enables a direct comparison between one year and the year 
succeeding it. This is far more useful in business and commerce 
than the indirect comparison through a remote fixed 
base. Secondly, it makes possible the dropping of old items 
and inclusion of new ones, a necessity not infrequently felt 
when computing a series of index numbers over a period ot 
time because of some commodities going out of use and new ones 
coming into fashion. 


Reversibility of Index Numbers. 

An important property, which an index number should 
possess, is its reversibility. That average which caters for rever- 
sibility of an index number based on it has a superior claim 
for use in the construction of index numbers than any othei 
average which does noL Reversibility means that the index foi 
the current year based upon the base year and the index foi 
the base year based upon the current year should be reciprocal to 
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each other That is, the following equation should be satisfied 
P.iXP„=i. or, P.,= -^— 

where Pai stands for indeit for the current year on the to? 
year omitting the factor 100 (te, for price change in current 
year compared with base year), and /*« stands for index fo* 
the base year on the current year without the factor 100, (te, for 
price change in base year compared with current year} 

The arithmetic average of relatix'cs Is not rctersdble^ 
Line 3 of tablt 31 below gnes in column (d) the anthmctic aicrage 
of relatnes for t-onunodiiies A and B for 1931 on 1930 as th" 
ba<e and in column (e) the anihmetic aterage of relatives 
for 1930 based on 1931 These arc, rcspeclively, 1305 and 

76 so lhal P, = = I 305 and P,.= = 783s 

Now, I 305X 7835 »io 2 which is greater than i There 
fore the arithmetic average of rclatn cs is net re\ crsible 


Table 3t T^stmQ the Rctcrtibilny of Jnd.r Numbers 


^<ar IMl I int 1930 | 

tear 1930 K' U^ T' io-i 'rXtOQ 


Line 

i^oismo^3tiei 


w 

1 

A 

2 

n 

3 

Arithiaetic 


The Geometne wiMn — i-. . ' 

4 of t.bk 3. (dTt^Tl Lms 

t ) and (e) the geometne average 



INDEX NUMBERS 


. 239 


of relatives. These are 129 and 77.5 approximately, so tliat 
™ =1.29, and ^*10=7^ =.775- 'i'Jit-’ii' product is i 

iLXJ t AOv/ ^ 

(allowing for the adjustment of decimals). Tiierefore, the 
geometric mean of relatives is reversible. 

There is yet another wa}^ of looking at the reversibility of 
index numbers. If a relative shows an average increase of, 
say, 25 per cent, from the base j’car to the current year, then 
this should also be capable of being described as a decrease of 
20 per cent, from the current year to the base ycar.^ In 
table 31, using the arithmetic average we find that the level 
of prices in 1931 is 30.5 per cent, higher over tlie prices of 
1930. We might, therefore, say that the prices of 1930 are 
lower than those of 1931 by 23.4 per cent, of the latter; tliat 
is, if the index for 1931 on 1930 is 130.5, it should be (100 
— 23.4) =76.6 for 1930 on 1931, but actuall}^ it is 78.35 as sho\vn 
in column (e), line 3. Therefore, the index number based on 
arithmetic average of relatives docs not possess the property of 
reversibility. Using the geometric mean we find that the level 
of prices in 1931 is 29 per cent, higher over the prices of 1930. 
We might, therefore, say that the pricer, of 1930 are lower than 
those of 1931 by 22.5 per cent, of the latter; that is, if the index 
‘ for 1931 on 1930 is 129, it should be (100 — 22.5) = 77.5 for 1930 
on 1931, which actually is the case as shown in column (e), line 
4, table 31. 

It is dear, then, that geometric mean stands this test of 
efficiency and can be said to perform satisfactorily its function 
of showing the required change in the phenomenon under 
study. Consequently, geometric mean is more suitable than 
tlie arithmetic mean or the median. Geometric mean can 
also be used witli the chain base method. It is used by tlie Board 
of Trade in England in the ■ construction of wholesale price 
indices on the chain. base principle. We have used the arith- 
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metjc average m table 29 It is interesting to note tliat the 
geometric mean is tiscd m the construction of index numben 
of wholesale pnces of certain articles in India and of the 
Capital Index of Indian Industrial Actmtj 


Ba^ shifting 

y Not mfrcquenlly it becomes necessary to shift the base of a 
senes of index numbers from one year to another Tor instance 
if a senes of indices ba<cd on the year 1914 is to be compared 
wiUi a sunilar senes whose base year is 1939 then in the interes 
of valid «)mpanson u will be necessary to convert the fonucr 
senes into a new one vath 1939 as the base year That is the 
base of the former senes will be shifted to a new one 

From what has been said abme in regard to re\erstbility of 
index n^bers it 13 dear that index numbers based on geometric 
mean of relatives can be shifted from base to base without error 
by what may be caUed the short-cut method illustrated m th 
^plc acc^panymg table 31 But ,t ,5 not possible to shift 
the base error by usmg the same method when anthmctic 

^ “* nc the relauvcs Th s short-cut 

method IS of coune, not possbie to apply when median is used 
m averaging the relatives. 

A •» ^-<al imihod ioother method for 

tee sWtmp .0 oho ovmlable reeom.p„u.,g U„ rriaUveo 

.1™ on the nveragms them 

Should be used for shifting the has«> wv. .l 

and methrm have been empWed m 

aseneswhJe both ^ 

yeld tdenucal resnlK whm til 

used. ^ometne mean has been 
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The System of Weighting. 

The ‘Unwei^ted’ Index Number. 

So far, in the construction of index numbers we have used 
simple averages and no speciai assumption has been made con- 
cerning weights. Distinction is verj’’ often made between weighted 
and unweighted index numbers, but it should be noted that every 
index number is weighted in some form. In computing the 
simple average of relatives each relative is counted once. 
Therefore, apparently, weights are unity in each case. A 
further thought would reveal that the change in the price 
of a commodity from one date to another is related to the 
commodity’s price level on the first date. If in the base year 
the price of a commodity is unusually high, it will have an 
influence to correspond on die total, that is, it would have 
the same effect as actual weighting would. This can be 
easily verified by recalculating a given series of index numbers 
upon a few different bases by using the arithmetic average of 
relatives and then noticing that every fresh series differs, not 
only in the absolute values of the index numbers, which is 
immaterial, but also in the relative values of the indices, which 
is significant. That this would be so is evident from the fact 
that index numbers where simple arithmetic average is used 
are not reversible. We may, therefore, conclude that even the 
so-called 'unweighted’ index numbers are arbitrarily or 
haphazardly weighted, the arbitrary element being exercised by 
the choice or shifting of base year. We may also say that when 
simple average of relatives is used change in the base year is 
equivalent to change in weights. 

ImpUcit and Explicit Weighting. 

In those index numbers which are termed 'weighted'' 
the weights are chosen according to some systematic plan. 


F 16 
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Weights ina) lx implicit or expIiciL Implicit weighti kU'c 
to the selecun of commodities themsehes If a partictilit 
comnicni t) or a commodit) of the same general class rs 
included sa> 3 limes m the list of prices, the weight gis'cn 
the commodttj is 3 Tor instance 3 vanctics of sugar may 
be included \arjing emphasis is thus, gi>en to the different 
items while selecting the commodities bj the number of tines 
a given commoditj is included in the selection. Many of ttf 
so-called unweighted index numbers may m fact be indirectly 
or implicitly weighted For instance the Calcvfta and 
Bombas Wholesale Price Index Numbers arc implicitlv woghted. 

In assigning eipbrit ireights, weights proportional to the 
relative importance of different items arc used But what 
considerations determine this rrlaine importance’ This enquit) 
ts essential becau<e weights should either be appropfiJl* 
or they should not be used at all Vow, in coiuiructing an 
index to show general changes m prices the wnghls assgnaWe 
to wholesale prices mav be several for instance the quantity 
of goods pbced on the market value of goods produced values 
consumed and $0 on. Different systems of weighting would 
yield different results The difficulty then t, which of tnesc 
or other similar criteria should be accepted as c o r r ect’ Tlis 
difficult) IS not eas) to solve Therefore it appears that weights 
may better be ignored This idea is strengthened by the fact that 
weighted results are almost identical with the unweighted one* 
if weights are chosen according to chance 

Nevertheless, the problem of selecting weights u one of 
practical concern The merits of weighted and unweighted 
indices can be understood only by comranng them If a pro- 
perly weighted index agrees wnth an unweighted one vveighU 
may be dispensed with if ,t does not. weight* ought to be 
nsed According t o Bowley* pauaty of data might make lit- 

• Bee Itewfcy AJL, of StotirtK^ IB^o ^ p S06 
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inclusion of weights necessary and the popular desire for con- 
crete measurements might make a fine show of weighting ex- 
pedient. Weighting seems necessary also because of the 
heterogeneous character of the series from which indices are 
computed. Most wholesale price indices in the U.S.A. are 
weighted. Weighting is, indeed, essential in constructing 
cost of living and business activity indices, as we shall see 
later. 


Methods of Weightiag, 

Two methods of explicit weighting may be distinguished; 
The Weighted Average of Relatives (Ratios) Method and the 
Weighted Aggregate of Actual Prices Method. The latter is 
known as the Aggregative Method also. 

Weighted Average of Relatives. — According to this 
method price relatives are weighted by values. Values are obtained 
by multiplying quantities with their respective prices. The sum 
of the products of price relatives of the current year and values of 
the base year divided by the sum of the weights gives the weighted 
arithmetic average of relatives, which is the required index num- 
ber for the current year. Symbolically, 

XIV 

Index Number for Current Year= ^ — 

where, / stands for price relative and V for value (weight). 
Table 33 on page 253 demonstrates the working of this method. 
Weighted median and weighted geometric mean of tlie relative 
may also be computed. 

Aggregative Method.. — ^According to this method prices 
ihcnisclvcs are weighted by quatvtities, since total value is equal 
to price X quantity. The products of actual prices of the 
current year and quantities of the base year are summated. 
This sum is expressed as ratio in relation to a given base. Tins 
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taUo ts the index number for Ihc current jcur Symbol calU 
^Pi 9 * 

Index Number for Current Year—-. Xioo 
*Po 9 » 

where Px stands for pnee ui current )ear 
pt stands for pnee in base year 
<7o stands for quantity in base year 
Table 32 on page 252 demonstrates the working of this metliod 

In the abose case the weiglits are Axed. If quantities for 
all the years for whicli it i> utsiied to calculate the index 
numbers <ire a>'aibble the weights may be made to surj ftoo 
year to year qmni lies for different years being used as sseigh^ 
for their lespcctnc years Sexctal fetmuls liase been suggest™ 
for this purpose. We shall howocr confine oursehes to th- 
Crossed Weight Formula given by Fishcr \vh ch is supposed to 
be h ghiy satisfactory 

fleer’s 'Ideal ' Formula. 

Professor Irving Fisher* after an elaborate examination 
of 134 possible formulse concluded that a scheme of cross 
weighting should be used and gave a Crossed Weight I onnub 
\vh ch IS also named as Fisher s Ideal Formula It is 


^ V SP, q 

2^0 9* — 9i 

Th s formula requires four sets of aggregates vis 

(1) S-Pi 9o Current year price X base year quantity 

(2) SPi q Current year pnce X current year quantity 

(3) S/o g» Ease year pnee X base year quant ty 

_ (4) S/>o g, Ease y ear pnee X current year quantity 

• S« Fisier Inniiff Uabng of Aumfc.« 19"2 
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The first aggregate is divided by the third, and the second 
by the fourth. The two resulting relatives are multiplied 
together and square root of the product is extracted. Fisher 
calls this formula as “ideal”, since it neutralizes the types 
of bias which are found in measuring prices and quantities. 
The system of weighting has been so designed in the formula 
that the resulting index satisfies two basic tests, viz., Time Reversal 
Test and Factor Reversal Test. 

Reversal Test. — It has already been indicated in 
connection with the “Reversibility of Index Numbers”* what 
time reversal test impfies. According to Fisher this test may be 
described as follows ; 

“The test is that tfie formula for calculating an index number 
should be such that it will give the same ratio between one 
point of comparison and the other, no matter which of the iwo 
is taken as base. 


“Or, putting it another way, the index number reckoned 
forward should be the reciprocal of that reckoned backward."® 
This implies that the following equation should be satisfied : 

P 01^Ql0~ 

This, again, means that if an index shows that between 1938 and 
1942 prices doubled, then it should also show that the level of 
prices in 1938 was one-half of that in 1942 when measured 
from 1942. 

Reversal Test. — A second fundamental test by 
means of whidi good index numbers can be detected is the factor 
reversal test. Regarding this test Fisher says : 

“Just as our formula should permit tlie interchange of the 
two times without giving inconsistent results, so it ought to 


* See pages 237-239. 

" Ksher, Irving, Op, Oit, p. 64. 
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pennil interchanging the pnccs and quantities without giving 
inconsistent results — » e the two results multiplied together shouli 
gi\e the true value ratio * 

This implies that the foUowing equation should hold good 


PtiXQn= 


S/i* 


where Pai stands for the pnce change for the current jear 
on the base year Qoi for the quantity change for the current 
\ear on the ba»e jear /•,} for the total value (pnce X quan 
tit) ) m the current jenr for the total value m the base 

jear and^!L2i. for the ratio of the total value in the current 

j ear over the total value m the base year 

Fishers Ideal formula not only satisfies both the abov- 
tests but IS also simple and easy to calculate from the pract 
cal point of Mcw Therefore of the 134 possible formul<e 
which Fisher analyied the Ideal is ideal But this foimuln 
requires statistics of quanbties for the base jear as well as 
the current jear These statisbcs are general!) not available 
for esTiy current )ear They may be available af each succes 
sue census of produaion if such censuses are taken m a 
country Therefore the choice has to he with the use of fixed 
weights tc quantities of the base year or the )ear supposed to 
be typical 

Sonunaty and General Remarfcs. 


The technique of construction of 
be summarised as follows — 


price index numbers may 


(1) Select a 
modities 


iconable number of representative com 


• FUher, Irring Op Ctt p " 2 . 



INDEX NUMBERS 


247 


{2) Arrange for obtaining their regular wholesale prices 
from 

(i) either, standard trade journals, 

(ii) or, leading dealers of representative centres. 

(3) Average the price quotations, and obtain monthly 
or yearly average prices as the need may be. 

(4) Reduce the average prices to percentages, ix., price 
relatives, on 

(i) either, the fixed base method, where 

(a) the fixed base may be a fixed year, or 

(b) it may be an a\'erage of a period of years, 

(ii) or, the chain base method. 

(5) If the fixed base method is used, compute a simple 
average of relatives, using the arithmetic average, 
median or -the geometric mean. Theoretically, the 
advantage lies with the geometi ic mean. 

If the chain base method is used, chain together the 
link relatives. 

(6) If weighting is necessary, compute 

(i) either, the weighted average of relatives, 

(ii) or, the weighted aggregate of actual prices. 

Thus, we have discussed two important methods of con- 
structing index numbers, viz., the Average of Relatives Method 
and the Weighted Aggregate of Actual Prices Method. In the 
former method, the average may be Simple or Weighted. 

A comparison of the unweighted index numbers calculated 
on the fixed base method in table 28 and of the unweighted 
index numbers calculated on the chain base method in table 29, 
and also of the weighted index numbers which can be calculated 
from the same figures would reveal that different methods yield 
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different r<.«ult? but all ln«l« numtHJfs — tvithotit nny exctjv- 
-t^on-o-polnt In the fwimo dlrrdlon Thtrcfore in mtlcx nay 
be relied uiwn «o far is the tmdenej shown b) » u corcerned 
wuliout being irustuordiV to the last di^it It is not the ab^ 
lute suluc of an indes number that matters What mat i.rs is ih^ 
general trend shown by it or bv a senes of inde'< numbers 

COST or IJt\TNG INDBX NtniBERS 

The mehods i f weighting discussed above are more 
particulirh os«l in the lonstniction of cost of living index 
numbvrs TIwh indices ire designed to study the efled 
changes in prices on the people as consumers or, m other 
words to study the average incrcise m the cost of tuamtaining 
the standard of living in a given yevr unchanged from thit th 
(lie base year General index numbers fail to afford u? an exact 
idea regarding the effect of the change in the general pnee 
on the cost of living of different cla5<es of people since » pvefl 
change m the level of pnees affects different classes of proP^" 
differently Therefore to obtain a measure of the general 
oiovemeni of jirices of those commodities wli ch cnlcr into ^ 
consumption of different classes of people Cost of Living Indei 
Numbers are ccropiled 

Difficulties la Co&structlng Cost of living Indices, 

Standard of living vanes wUh income otcupitioi 
Therefore one <ingle cost of lumg mdex will not be truly 
representative of people of different mcomec CoBsequ<.nll 
mdex numbers should becwnpled separately for d fferc'-t 
classes of people Bm standard of hvmg; alxj vanes ni'f’ 
region or place in wbidi people reside This difficulty can be 
solved b> compiling index numbers separately for different 
local ties or different homogeneous zones Again same classes 
of people at the same ome do not spend their income m exact 
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2y similar proportions on diiferent objects. The best that can 
be done to obviate this difficulty is to collect a r^sonable 
number of sufficiently accurate samples of family budgets from 
the same class of people to have a general idea of the propor- 
tions of expenditure on different objects by an average famil3^ 
And, yet there is another difficulty that the same classes of 
people at different times spend their income in varying pro- 
portions. A change in the nature and quanti^ of commodi- 
ties consumed may arise from a change in taste or fashions, 
or from an increased purchase of cheapening commodities and 
decreasing consumption of things becoming dearer. These 
factors, indeed, go a tong way in explaining the change in the 
cost of living. But these changes cannot be taken stock of 
ever)' year without incurring the huge expense of conducting 
fresh family budget enquiries. For this reason, it is assumed 
that the qualities and quantities of commodities consumed in 
the base year by a particular class of people remain the same 
for an indefinite period. These qualities and quantities, there- 
fore, form the basis of tlie index number series. Another factor 
that causes a change in the standards of living is the change in 
the purchasing power of mone)'. Cost of living index number 
confines itself to a measure of this factor alone. Further, people 
as consumers pay retail and not wholesale prices. ' Therefore, 
retail prices are taken into consideration in constructing cost of 
living indices. But retail prices vary from locality to locality. 
If cost of living index numbers are computed separately for 
different classes and different regions, this difficulty of variation in 
retail prices is also got over. 


Constnictioln of Cost of Living Index Numbers. 

The first step, therefore, that is taken for the construction 
of cost of living index< number series is to decide the class of 
people — industrial workers, clerks, etc., — for which the index 
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numixrs irt !o be compiled Next, a sample budget enquiry 
of the class concerned is made the sample covering a reason 
abl\ adequate number of families and conducted during * 
pcruxl nisonablj free from abnonnahties of very high or 
\tr> low fnces This budget enquiry would give previse in 
formation regarding (t) the nature qualities and tjuantiti'S 
of commodities consumcti bv the people classified tintler ih^ 
heads of food clothing rent lighting and fuel and miscel 
laneous groups (a) ihc retail pnees of the diffeTcnt commodities 
13) tl’e proportion that the expenditure on each individud 
Item of expend ture bear-, to the expenditure on the group to 
which it bvlongs (41 tht proportion which cxpenditun on 
each group bears to the tola expenditure This budget enquir) 
forms the basis of the index number senes With it tlv 
selection of commodities whose retail pnccs are to be regularli 
obtained becomes eas> It is important to rote that a cost of 
living index number should include only those commodities 
under the food clothing etc groups which are generallv ua*'^ 
by the da«s of people concerned which are not subject f’ 
Wide variations m quality nor to seasonal alterations in supph 
and for which r^lar and comparable quotations of pneeS 
are obtainable Retail price quotations should be ol tainei 
from the locarties in which the chss of people concemeil r- 
side or fr^ which thej usually make their purchases The 
sourc^ of pn« inotaHoa, 

or puW.Mioo, „| |p,„„„,ont or mu„,r,p.ht,rs o 
typiQl bus.onsmrn m Ihr Joel,,, concerard From Iho- 
rrgular pr.n qoolat.on! areraEo ore alcuhtrd in Ite 

sm« manner aa the, are done „„ „f jencral indeO 


To convert there atenige pnees ,„de, ,te 

lot a nse m the pnee ol sa, cotton doih by an equal tall ,n 



INDEX NUMBERS 


251 


that of cement. Different objects of his consumption have different 
importance in his budget. They must be assigned their relative 
importance. For this purpose one of the tvvo systems of weighting 
may be applied; (i) The Aggregate Expenditure Method^and (2) 
The Famih'^ Budget Method. 

Aggregate Expenditure Method. 

This method is the same as the Weighted Aggregate of 
Actual Prices Method alread}' discussed on pages 243-24.^ 
Table 32 demonstrates the calculation of cost of living index 
number for the artisan class in the Eastern U. P. by this method. 
(The figures in the table are imaginarj'). Quantities consumed 
in the base year have been taken as weights for the current year. 
The quantities consumed in the current year may be, and usually 
are, different from those consumed in the base year, but for the 
reason already indicated, z^s., the enormous cost involved in 
conducting a fresh budget enquirj' every year, fixed weights, i.e , 
quantities consumed in the base year, have been, and are, used 
as weights. This is also why Fisher’s “ideal” method is difficult 
to follow in practice, for in using it quantities consumed in the 
current year should be known in addition to those consumed in 
the base year. 
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Table 32 ConslructiOH of Cost of Lmng Index Humber by t'le 
riggnfjatt Cxpaidtfure Method 



rzojj 


Quantities consumed m anv -VK*,- 
other lha„ ,g^s co„H also base ‘"T. 

Smolari, figoses propofl„a„| 
aleo has, been o.rf plsse of fc S SoeT” 

I’^un2y Budget Metliod. 

Tins method is the same as thr w i.. . 

“ the Weighted Aserage of 
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Relatives Method already discussed on page 243. Table 33 
demonstrates the calculation of cost cf living index number for 
the same artisan class of the Eastern U. R. by this method, using 
the same data. Values consumed in the base year have been used 
as weights for the current year. For the reason already indicated 
values in the current year are not used as weights, and fixed 
weights are employed. 

Table 33. Construction of Cost of Living Index Number by the 
Family Budget Method. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Article 

Unit 

Price 
in base 
year 
(1925) 

Price 
in cur- 
rent 
year 
(1941) 

Price 
Eelatives 
for cur- 
rent year 

Weights 
Values 
consumed 
in Base 
year) 

I 

Product of 
Price rela- 
tives and 
weights 
[col, SXcol. 
6]. 



Po 

Px 

Pi/PoX 

ioo=:r 

V 

IV 

Bice 

Bajra, Jo war 
Wheat 

Gram 

A- ha r 

Otlier pulses 
Ghee 

Gur 

Salt 

Oil 

Clothing 
Pireuood 
Kerosene 
House- rent 

per maund 

jj 

11 

}} 

>; 

per eeor 
per maitad 
1) 

jj 

per yard 
per maund 
per tin 
per house 

Es. 

6 

4 

5 

3 

4 

3 

1.25 

2.50 

4 

20 

0.25 

0.50 

4 

12 

Es. 

8 

5 

10 

6 

6 

4 

2 

5 

5 

25 

0.5 

0.8 

7 

1 = 

133.3 

125 

200 

200 

150 

133.3 

160 

200 

125 

125 

200 

160 

150 

125 

Es. 

30 

20 

5 

3 

2 

6 

5 

5 

1.25 

12 

10 

5 

4 

12 

3999 

2500 

1000 

600 

300 

799.80 

800 

1000 

156E5 

1500 

2000 

800 

600 

P^OO 






SF=120.l;5 

Sir- 

17555.05 


Index Number for the Current Year ( 1941 ) = 


= 17555-05 

120.25 
= 146. 
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Values of anj jear other than 1925 could also have been 
usee as weights Figures proportional to actual salues couM 
also be likewise used For instance instead of usng 30 20 
j etc a« weights we could have dmded each of them b> 5 and 
used 6 4 I etc as w egihts 

It will be Seen that the cost of Jiting index numbers by 
both the a^regatne and the family budget method* exactly 
agree Indeed they should if the weights relate to the same 
year Family Budget method or Weighted Ascrage of Rclatnes 
method IS largely m use 


table 33 weighted aterage of all the articles has been 
dxrtctl^ computed This process can be improved upon b> 
(i) dmd ng the articles into food clothing etc groups (1 ) 
weghting their price relatnes b) the proportion which expen 
diture on each article bears to the total expenditure on 
the group (in) obtaining weighted aterage index for ead» 
commodt) group (iv) weighting the group index numbers 
the proportion which expenditure on each group bears to 
the total expend tufe and (v) obtaining the weighted a>crafe 
of „„mbm Tho final „„ght«l a>mge.. 

fenoin,rrf co>. of 

doubk ooghting ,s mere scientific rhan that of compuirng a direct 
aoghted average and i, „ pencml use In Ind a cost of l.™g 
indea number, arc compared b, rhrs method as aril be seen rn 
the next chapter 

Eeiot, in Cost of Uving inrle, Nimrbeeri. 

The sorirces of eeroe „ eos, of hm„g ,„j„ 

cTr^Si^ I-Pio from another 

(2) the faulty selectiwi of renr«t.„, . 1 

mg mto the eos, of W^t T''l / , 

contented ^ ““ P“P' 
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(3) the collection of price quotations — Information re- 
lating to clothing, for instance, relates, in part, 
to cloths rather than to clothes simply because fairly 
steady and reliable prices for the latter are not 
available ; 

(4) the faulty assignment of Avcights — ^Weights may be 
deliberately manipulated ; 

(5) the changes in demand of various articles or their 
prices in the period under investigation. For 
instance, the budget enquiry for the construction 
of cost of living index numbers for industrial 
labour at Kanpur extended over two decades 
vis., 1914 to 1934 during which period the price of 
firewood changed from annas per maund in 1914 
to 13 annas in 1919 and to nearly 8 annas in 1930. 

/ 

Unsatisfactory Chlaiactcr of Cost of Living Index 
Numbers. 

Even if errors of the types enumerated above are not 
allowed to enter into the construction of cost of living index 
number, the index is not fully dependable. The reason is 
simple. The total monthly expenditure of two families of the 
same class may be equal, but the distribution of the expenditure 
over different objects may considerably vary according to the 
number of persons in the family, their age, sex, religion, caste 
and mode of living, and also according to the rise and fall 

in the prices of articles consumed. Index number does not 

consider"the'’variations in the expenditure of the individuals. 
It considers only average or normal cases. Therefore, an index 
number pointing to the change in the average cost of living 

cannot be applied to every individual ' case in the class. It 

should be taken only as a guide to the direction, the general 
trend, of the purchasing po^ver of money for the class of 
people for whom it is meant. 
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Further in constructing cost ol living in(!cx v,e proceeJ 
on the assumption that the quintities or the values consumed 
in the ba«e )car or the typical year do not change, wbems 
they aat-ally do Standard of Init^ of the same famil) under 
goes change as time elapses and as prices, tastes etc, ch^i^c. 
This fact IS not taken into account hy the index. The objfC 
tion may be met answering that the index number constden 
the increase m the cost of maintaining unchanged the base jear 
standard of living 1 rue but is there a pirtieular sanclilj about 
the basc-ycar standard of living’ Tlie base-year standard mav 
not be adequate Improaenient m it may be necessary 
Therefore to make the index truly representative, family budgets 
should be collected regularly after an interval of a fevv years and 
new weights adapted and commodities and thar qualities aod 
quantities modified in the tight of evciy fresh inquiry for suLa 
qiicnt years 


INDICES OF INDUSTRIAL ACTIVm’. 

If It is desired to study the genera! change in «h" intlus 
tnal activity in a country over a penod of time, evidence of 
this change may be found m changes m the output of the 
various industries of the country The first step therefore, 
will be to collect information relating to the production of differcn 
groups of industries. Information may, for instance, be liad for 
the following groups of industries 

1 Mining— coal iron ore petroleum gold mangaoe<t 

2 Metallurgical— steel work rolling mills foundries cU. 

3 M^nicaT—locomotnes ship buildings railwa 
rolling stock etc. 

4 Textile— cotton woollen jute silk etc 

5 InJoslms usu.n, to „c.« tlottos-tlultlLns 
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6. Other important industries — chemical, cement, glass- 

ware, flour-milling, oil-crushing etc. 

As the statistics of production of these industries are 
received from year to year, those of tlie base year are put down 
at 100 and those of the subsequent years expressed as a percentage 
of the base year. These relatives are multiplied by weights 
assigned to them in proportion to the importance of the indus- 
tries in the country. The weighted average — ■ arithmetic or 
geometric — of the relatives gives the index number of industrial 
activity for the country. 

INDICES OF BUSINESS CONDITIONS. 

To attempt a study of the changes in the business condi- 
tions df a country, it would be necessary to collect far more 
comprehensive data than are required for computing indices of 
industrial actiwty. Professor Pigou selected the following series 
for a study of the changes in business conditions of England: 

1. Unemployment percentage. 

2. Consumpton of pig-iron. 

3. Prices in England. 

4. Rates of discount on three months’ bills. 

5. Volume of manufactured goods. 

6. Agricultural production. 

7. Yield per acre of nine principal crops. 

8. Index of production from mines. 

9. Clearings of London Clearing House. 

10. Increase of bank credit. 

11. Credits outstanding. 

12. Annual increase in the aggregate money wage. 

13. Rate of real wages. 
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14 Gtfrenl iggrcgate consumption 

15 Proportion of rcser\e to Inbilities of the Dank o' 
England. 


These cjtnntttics m.iy be converted into relatues referred 
to a base )ear from the^ relatives a weighted average may 
be obtained This weighted average sliall tw the Indet 
Number of Business Conditions It will afford a general idea 
of the average change tn the business conditions of the countrv 
and serve as Economic Barometer or Torccastcr of changes in 
buvimv® conditions through periods of depression, recover) 
prospent) and crisis Business conditions arc never stationar) 
Tbev do change but the change, it has been found bv cxpcnerce 
in indu'inil coumrus of the west, particularly the U S A , i> not 
fortuitous These changes are also not regular and pcnodie 
Business in general passes through well-defined major and ntinof 
vhanges Accordingly, it is possible to study thtar order, to 
measure ihor present conditions and to give a forecast of likely 
position in the future Both m England and m the USA 
interest m this subject is growing 


11*108 Of Index Numbers, 

Index niOTbcrs reflect the movement of some quantity to 
whuh the) relate Tlwir peculiar character is that the) cxlubit 
the relative rather than the absolute aspect of such movoncflt 
Index numbera are not restneted to the price phenomenon 
alone Any phenomenon which « stretched over a penod of time 
and e^ressed mimcncally may be presented through them. Thev 
y for instance, be designed to show changes m wages, values 
and imports pneca of securities production of certain 
^ufadores circulation of m>tes etc. Different index numbcis 
serve different purposes 
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year, double, the purchasing power of money for that year 
would be halved. Prices can be brought down or controlled 
through either the regulation of the supply of money and credit, 
or the regulation of production, or both. In any case, index 
numbers will provide an apparatus to study the fluctuation of 
general prices and a standard for keeping them steady in the 
interest of consumer, trade and public finance. 

General price index numbers make possible a study of the 
movements of prices in different countries and of the fact whether 
they are fairly stable. 

Cost of living index numbers indicate through their 
movement whether real wages are rising or falling, money 
wages remaining unchanged. They can be used to grant 
bonus to employees to meet the increased cost of living. 
Claims of labour for increase in wages, if they turn upon rising 
cost of living, can be shifted on the basis of cost of living 
indices. 

Indices of industrial activity can be utilized to study the 
progress of general industrialisation of a country and the effect 
of tariff on the development of particular industries. When an 
industrial plan is being implemented, such indices are of immense 
use in judging the results of the polic}' adopted. 

Indices of business conditions measure the change in the 
general economic activity of a country and afford an approximate 
idea of the fluctuations in the real national income of the countr}'. 
They can be made to forecast economic events. 

Investment index numbers are of great help to tliose 
interested in the stock market. Indices of imports and exports 
give an idea of the fluctuations in the foreign trade of a country. 

It should, however, be noted that index numbers that are 
good for one purpose may not be useful for another. For 
instance, general index number indicating a rise in general 
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price level is not a good guide for movement in cost of 1 vtog 
or cost of I \ing index numbers for industrial workers arc of no 
use for the upper classes 


EXERCISES 


(1) WTiat IS an Index Xumber’ WTiy is it constructed^ 

(2) Desenbe the important problems msohed in the 
preparation of an Index Number 

{3) \Vhal cons deral ons would weigh with you wl ile con 
stmeting a wholesale price index number m connection with the 
select on of commodit es and the base )ear’ 

^ VC a 1 St of at least 30 representative commod 1 1> 
for Inda and of their representative places for obtain m, 
quotations 

(5) Expla n the d fFerence between quantitv pnte and 
money pnee How will jou uul re the former m constructing a 
pr ce index number’ 

(6) Dsungu sh between the Fixed Base and the Chan 
Base Methods of construct ng index numbers and u scus^ iLe r 
relat ve merits 


average do you th nk is appropriate to use ir 

, , . . , (B. Com Luck 1930) 

fto ,„d™b,r S„° iSc'SStorjoC 

, . _ , (R Com Agra 1940) 

^ (to) Desenbe w th iliiistiat on «» „i,» j 1 t 

of rtolesde pnea and aho» .ts " s’""* 

, (n) Wtotarefedfl™ 

to pnee index numbers and cost of rvmcr .n,i ^ 

of than IS suitable for general use? ^ ^ numbers ’ WTi ch 
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(12) What do you understand by Time Reversal Test and 
Factor Reversal Test? 

(13) Explain Fisher’s “Ideal” Method of weighting index 
numbers and state tlae difficulties that are to be faced in using it. 

(14) What points should be taken into consideration in 
clioosing the base and determining the weights in tire preparation 
of the Cost of Living Index numbers? 

(B. Com., Agra, 1943)- 

(15) How are the cost of living index numbers calculated? 
Explain the different methods used for assigning weights to 
different commodities. 

(B. Com., Alld., 1933). 

(16) It is desired to find the difference in the cost of Iivinj; 
in the years 1939 and 1943 in the case of (i) clerks and (it) 
industrial labourers in a big industrial town. 

Explain fully the necessary procedure to be adopted. 

(17) What are the main soured of errors in cost of living 
index numbers? How can these errors be avoided? 

(B. Com., AJJd., 1938). 

(18) Explain the method of studying changes in the busi- 
ness conditions of any country during a given period of time. 

(19) Explain the meaning of Economic Barometers. How 
is this Barometer constructed, and how far it is being used success- 
fully in forecasting economic events? 

(M.A., Alld., 1938). 

(20) Explain the uses of Index Numbers. Describe the 

procedure followed in the preparation of general and cost of 
living index numbers. , 

(B. Com., Agra, 1942). 

(21) Explain the use of Index Number with the help of 
the following table, which gives the average.annual wholesale price 
of jute in Calcutta in rupees per bale of 400 lbs. for the period 


1914 to 1930;— 
Year 

Rupees 

Year 

Rupees 

1914 

.. 78 

1922 

88 

1915 

54 

1923 

78 

1916 

67 

1Q24 

76 

1917 

56 

1925 

112 

1918 


1926 

99 

1919 

• . 102 

1927 

76 

1920 

98 

1928 

75 

1921 

94 

1929 

71 



1930 

50 



(B. Com., Cal., 1937) 
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AtMi if.’l foJfoHinff data wJut irH!<.x numbers would 

)0U use fo pur{K.scs of companson’ One reasons 


1 2 l'' 

^Vheat 

Jowar 

Price y lantit) 

*9 7 9 3 100 

* 93 ^ 4 S 00 

Pnce Quantify 
6-4 II 

37 10 

I ncc Quant t} 

SI « 

27 3 


m. ,> j. . pi-A- tjal uy) 

^ iru I \ th*fhe*f * \ ^ 'Test 

a I ho\ ho\ , rishcrs M«sir index 

, *hc factor reversal test 


Harr est Price per 
font tho^iid maund in dstnet 

tons m d strict Saran Rarsn 


^ 'Vhicha>eraKe«our.i, 

f'™!*'- from Ihc follm„„.’S,J^ '” "mpmins tl» Price 
^942 Give >our reasons ® *“** ^943 on the lasis of 


^.icdL per imund Rs -;r 

per maund 1 »« ^ 17-0-0 

firewood per maund vtf 75-0-0 

jygar per seer ' Rs 0080 


(Figures !in the above table 


R« ^ w-fro 

g ^ Rs 00-4 6 

^ P- 5-0 I Rs 00.2-6 
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- ^125) What i-s Chain Base Method? Describe it in coniieclion 
with the consiniction of index numbers frotn the followitjg data. 

Commodity (Index Numbers) 


Year 

A 

B 

C 

D 

E 

1938 

98 

78 

82 

96 

96 

1930 

too 

82 

78 

100 

too 

1940 

112 

82 

78 

J02 

104 

1941 

no 

84 

84 

98 

98 

1942 

no 

84 

85 

gS 

TOO 

1943 

120 

go 

90 

100 

too 

(26) 

Following are 

the group index numbers and the group 


weights of an average v\orking class fanhly's budget. Conslntct 
the cost of ]i\ing index number by assigning the given weights. 


Group 

Index Number for 
January 1943 

Weights 

V 

Food 

, ">521 


I'ucl and Lighting 


6 

Clothing 

? 130 

8 

House rent 

100 

12 

Miscellaneous 

90 

15 


f^27) Tlie following table gives the average annual prices of 
a few commodities tn Allahabad for the years 1930, 1931, and 
1932. Calculate the General Index Number for Allahabad for 
1931 and 1932 on the basis of the prices in the year 1930, using 
the arithmetic average, median and geometric me.m. Compaie 
the results with those obtained by using the chain base method. 




Average .A.nnual Price 


Commodity 

Unit 

— 

— 

— 

— 



1930 

i 1931 

1932 




Rs. a. p. 

1 Rs. a. p. 

Rs. a. 

P- 

WHicat 

Maund 

580 

500 

4 12 

0 

Rice 

Maund 

740 

700 

6 14 

0 

Arhar 

Maund 

600 

1600 

6 0 

0 

Sugar 

Maund 

13 0 0 

13 4 0 

12 8 

0 

Salt 

Maund 

400 

1 3 15 0 

3 14 

0 

Ghee 

^laund 

60 0 0 

,58 12 0 

S8 0 

0 

Oil, Kerosene 

Tin 

426 

1400 

4 2 

0 

Cloth 

Yard 

0 10 0 

1 0 8 0 

0 7 

6 

Fuel 

Maund 

“'I 20 

100 

0 12 

0 

Itlilk 

Maund 

3 6 

s 0 0 

."i II 

0 
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Ha« Cotlon Raw Ju e 

<& £r <^=-l 

_ (Lakhs) Tons) (Lakhs) 

19^6— 27 to ■ 

(average) 59»4i 826 '^.‘^1 

^ 931 — r **^^3 I 6 ^ 1238 

*932~33 I 587 irtp 

|9M-g S6t 973 

934—35 Si 748 1093 

,*935-36 607 75* 10^7 

^ _ 33 77 771 13 7X 

£»p«.d.'.ra >?„i.oj 4 ftyn:!^;?..".»'."f, «;» 


Rice 

W^eat 

Athar pulse 
Ghee 

ir 

oj 

QoUung 

f'rewood 

Rerosene 

-House-rent 


6 maunds 
6 maunds 
1 maund 

6 maunds 
4 seers 
I maund 
12 seers 
20 seers 
50 yards 
J2 maunds 
1 tin 


Ln 1 1 nee m 

1939 

a 

maund 5 i-» 

5 o 

6 o 
8 o 
2 o 

•”*ttnd 20 o 
20 8 
,.4 0 

yard o 8 
maund o 8 

hSU ■• ° 
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'^30) The following are 23 price relatives that are available 
for the construction of an index number of prices: — 

48, 53, 6r, 61, 64, 64, 70, 71, 73, 76, 78, 81, 85, 93, 

94, 96, 96, 97, loi. 102, 139, 143 and 144- 

Regarding these as a statistical group, calculate their mean, 
median and a measure of dispersion. 

Will you select the mean or the median as the appropriate 
average for the index number in question ? Give reasons for your 
selection. 

(M.A., Cal., 1935 1. 

(31) Index numbers seek to set aside the irregularity of in- 
dividual instances and replace it by the regularity of tlie big num- 
bers. — Comment. 


^^^(32) An enquiry into the budgets of tlie middle class fami- 
lies in a city in England gave the following information — 


Expenses on - food 

rent 

clothing 

fuel 

misc. 

35% 

15% 

20% 

10% 

20 % 

Pnees (1928) £150 

£30 

£75 

£25 

£40 

Prices ( 1929) £145 

£30 

£65 

£23 

£45 


What changes in cost of living figures of 1929 as compared 
with that of 1928 are seen? 

(B. Com., Luck, 1944)- 
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INDIW \ND FOREIGN INDEX NUMBERS 

We ha\e alnadj referred to some of the index numbers 
I all ble in India m Chapter \II Here it is proposed to studv 
« lie Well known Ind in British and American index number 

INDIAN INDEX NU^IBERS 
Current Wiolesale pnee Index Numbers 

The following Index Numbers are being regular)' 
publiihed in Ind a in the MontM^ Survey of Diisinest Condutom 
i» Inda — 

I Calcutta Uholesah Price Index Number 
- Boraba\ Wholesale Price Index Number 
i Kanpur Wholesale Price Index Number 
4 Index Numbers of WeekI) Wholesale Pnees oi 
Certain Articles in India 

Of the above indce* the roost generaJli used arc the first 
two and the last '' 


I “ This mdt.., .ncludcs iM. 

2 rottni. * ^ "iPi’P^actures 4 Raw cotton 

i Cotton manufactures 7 Other /nr„i j c n \ „ 

Hides and skins 3 Metals 6 Other raw and ^ r T 

8 and Building roatenals . Se 

^ prices on which this index 

The Karachi motessJe Tree Index \„„x, 
u t es coinp led by the ConiGsiesutner «e i I'unbcr ba*f<l oq S3 toromo 
aa bw has not been ara labte t nee Tn^ TStS'® ^ Jil'r 

The Madras whole^le JVee Indtt x« k_ 

“ week TOdjng ■’!« AoffBt jos^ v®’ eompiled with 
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number is based are the wholesale prices prevailing at the end 
of the month under review in Calcutta, which were published 
before October 1939 in the Indian Trade Journal and are since that 
date published in the Wholesale Prices of Certain Selected Articles 
at Various Stations in India. A separate index is computed for 
each group. The index for any group is the simple arithmetic 
average of the price relatives of tlie articles comprised in die 
group, with July, 1914, as the base. Weighting is introduced 
within each group by including more than one quotation for 
some items within the group. Thus under ‘cereals’ four 
varieties of rice are taken, wrercas wheat, barley, maize and 
oats have only one quotation each. To compute the general 
index number, a simple arithmetic average is taken of ail the 
individual price relatives included in the computation. The 
general index number may also be considered as the weighted 
average of the group it\dites, the weight in each case being equal 
to the number of items included in the group. The index, is 
compiled and issued monthly by the Department of Commercial 
Intelligence and Statistics, Calcutta. It is published in the 
Indian Trade Journal, the Montldy Survey and the Calcutta 
journal, the Capital. 

Bombay Index Number. — ^This index includes 40 items 
which are divided into ii groups. Cereals group includes 7 
items, Pulses 2, Sugar 2, Other food 3. These four groups con- 
stitute 'All food’ articles. The remaining 7 groups consist of 
‘All Non-food’ articles. Among them Oil-seeds group includes 
A items. Raw cotton 5, Cotton manufactures 3, Other textiles 2, 
Hides and skins 3, Metals 5, and Other raw and manufactured 
articles 4. The prices on which this index is based are the 
wholesale prices prevailing in. Bombay. Its construction is 
similar to that of the Calcutta index. Like the latter, it is also 
indirectly or implicitly, weighted by taking, for instance, 2 
varieties of silk, 3 of wheat, 5 of raw cotton. Its base is also 



2G8 ^ STATISTICS TlIEORY AVO rRACTICE 


Tu!> lOM The indt’c is compiled md issued the 
Oflict Go\eniment of Bomba) \nxht Labour Coseiit vlflnaT 
the Cieiieral Index Number group mdtx numbers an i 
qnd All Non food index numbers are also published- 


Economic Adviser’s lnd« ^lln^ber^The 
of Weekly Wiolcsale Prices of Ortam Articles m India, ^ 
monly called Economic Advisers index is of 
It i> based on 23 commodities which are divided itrlo four gmu^ 
Weekly and monlhlj average index numbers for the 23 . 

dities and the four groups are published along with ll« j 
AU Conimodities index. The four groups are (i) * 

Tobacco (2) Other AgncuJtural Commodifies ( 3 )^’*^ 

(41 Manufactured Articles Besides two more group indices^ 
one of Pritnar) Cotumodiues and the other of Chief Artic ** 
Export— -are aUo issUed The prices on winch these index 
bers arc based are all India wholesale prices Geometric 
used in their coostruaion. Their bast i» week erding t?™ 
August 1939 The) are compiled and issued b) the Office 
the Economic Adviser to the Covernmtnt of India 


Inadequacy of Calcntta, Bomba) and I^coDtHiilo 
Adviser’s Indices.— The following pomts should be kept tt* 
view -while making use of the Calcutta and the Bomba) indices 
of wholesale pncc» — 

(l) The pntt quotations for each commodity m both the 
cases refer only to one da) m ihe month Tlierefore the indices 
cannot be regarded as sufliaeml) representative of the <rerag 
pnee level during the moruh “this is particularly so in times 
of abnormal price movements 


(2) Each of these indos relates to the price level m oo® 
particular market But the different markets to the country 
differ considerably among themselves with regard to the rela 
live degrees of importance of the vanous article^ For instance 
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in Calcutta, rice is given a weightage of 4, while wheat gets that 
of only I, but in tlie north Indian markets tlie position will be 
reversed. Therefore, these indices are not conclusive in discussions 
relating to All-India problems. 

Partly because of the above limitations of the Calcutta and 
the Bombay wholesale price indices, and, may be, partly because 
of these index numbers being much higher than the Economic 
Adviser’s index for the same month, the tendency to use the 
Economic Adviser’s All-Commodities index in discussions relating 
to economic problems of India is increasing. But, it should be 
remembered 'that this index number is not a ‘general-purpose’ 
index. As its name implies, it is based on ‘wholesale prices of 
certain articles in India.’ ‘Certain articles' which it includes are 
not tlie only representative articles for this vast country, whose 
inland and foreign trades are of considerable dimensions’^. 

Therefore, the necessity of the compilation of an All-India 
general-purpose index, based on a reasonably adequate munber 
of representative commodities, cannot be overemphasized. The 
commodities may be divided' into Food and Non-Food groups, 
and the system now followed by tlie British Board of Trade for 
the construction of its index is worth adopting as the model. 
The use of proper weights, geometric mean and chain base method 
would place the index on modern and scientific lines. It is 
necessary to compile such an index number in view of the fact 
that the main uses of wholesale price indices are in relation to 
national economic problems and for the study of general tenden- 
cies. They are considered in relation to movements of currency, 
exchange, foreign wholesale prices, indices of' production, wages, 
retail prices etc. These purposes cannot be served by the Calcutta 
and the Bombay indices which can be utilized, for reasons already 
indicated, only in local (and not national) economic problems. 

* For a critical estimate of the Official (Economic Adviser’s) Index 
see S. C. Chaudhii’s article on pages 428-429 in The Eastern Economist, 
Vol. 4, No. 14, dated April 6, 1945. 
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•^TATISTrcS TREORY AND PKACTlCr 


Discontinued Wiolesale and ^tail Price Indices. 

The tonipilalion of the foUotvinj jndex numbers indudri 
itt Ihc Index \ umbers of /ndutn Prices (quinquennial «idi annual 
uppltmints) his been discontinued 

I Imle'c Numbers of Prices for Exported and iniporled 
Articles 

3 Index Numbers of Retail Pjices of Food Grains 
3 Weighted Index Numbers of WTiolesale PneeS 


Indices of Pnccs fop Exported and Duported Articlw 
— Tliese uidices include separate indices for (i) 2S exported 
articles In) ij imported articles and (iii) all articles The ah 
articles index number is generall> known as the All India WTiote- 
salt Price Index Number In using these indices it must be kept 
•n Mew that they are the unweighted arithmetic averages of the 
price relatives of the various commodities worked out with 1873 
a rather oM vear, as base Another defect of these indices anses 
from the introduction m the >car 5 following the base }«r, of a 
fevv commodities whose quoutions were not included m the index 
in the base >Mr as also from llie repheement of older varieties of 
me co^odities b> new ones at intervals of varying lengths 
largclj because of these factors and also because of the fart that 

pniertrl, the A Undo Wholrttale Pr.ee I„d„ Nutnber, had 
™ hvrf thetr „t,l,t) The EoWee Robertson Conuutttec ..a. 

hav Si 7 'I T ■*" of dte senes They 

have been discontinued since August 1941 

Index Numbers of Retail ^ . 

These indices art the umvpigjjfed aterai» u Grains 

«ven commodities nfe wl^?^ relative of 

and ro^i worked out with 1873 as Ls^' Th'^° 

the computation are those rep^ ^ 

These quotations are based on mfn ^ , Provincial Authorities. 

miormairon collected by ofRcials 
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in the telisU or t 4 tiq centres from enquiries in basaar areas. 
But, as pointed out in Chapter VIP, the collection of tliese 
prices is not done with the care it deserves, with the result 
that official figures have been much different from those sup- 
plied by die traders. Index numbers compiled from unreliable 
prices cannot be regarded as reliable. This fact must be borne 
in mind while making use of the indices of retail prices of food 
grains. 

Wei^ted Index Number of Wliolesale Prices. — ^This 

index number includes 37 commodities of which 14 are articles 

of food, 17 of raw produce and 6 of manufactures. The method 

of weighting adopted is to take a number of quotations equal 

to the weight in the case of each commodity. The base year 

is tSyi, but the figures have been re-calculated by shifting the 

base to 1873 for purposes of comparison with the other series 

of index numbers. In using this index number, it must be 

remembered that the re-calculated figures are subject to a certain 

margin of error since the arithmetic mean does not, as pointed 

out in the last chapter, satisfy the time reversal test. It is not 

safe to rely on this index number as a guide to price moNcments 

in general for the additional reason that certain imporfant ai tides 

like groundnuts, pig-iron and steel manufactures are not included 

in it. ' ' , f 

• \ 1* 

Cost of laving Index Numbers. 

Twenty-seven® working-dass cost of living index numbers 
are being regularly published in the Monthly Survey of Business 
Conditions in India, in addition to provincial bulletins or gazettes. 


’ See page 78. 

» BesidM these, cost of living indices are also being comoned for 
Jalgaon m Bombay, for a fev? more tonlas in the G. P., for Government 
servants (Wing ypto Es. .30 per month in Meerut and QorakhnurXd 
S^reUmat peons m Lucknow in the U. P., and for Bangalore in MyTre 
State, but they are not published in the Monthly Survey. 



2y2 STATISTICS TIIFORY AXD PRACTICE 

Duersitj fn Scope anti ConstruclioD.*— Thesf 
numbers arc complied on differflit bases. The cost of K\T2g 
index number for Bomba) is compiled on jear ending June i9>J 
as the base that for AJimedabad on year ending Jul), 
that for ShoJapur on jear ending Januarj, 1928. The) are con- 
piled b> the Bombay labour Office Indices for Nagpui" 2’^* 
Jubbulpore are compiled b) the Department of Indusln<-S 0 
C P and Berar w ith \ugust, 19J9 as the base, and are pobbshri 
in a special bulletin everj month Indices for Patna, Sluzaffar- 
pur MonghjT Jamshedpur, Jhena and Kanchi arc compded b) 
the Department ol Indu<tnes of Bihar and for Cutladw b> 
of Ons«a with aterage cost of living for five years precedircg 
*914 as the base The base for the index number for wortang 
class co«t of Imng for Madras is year ending June, J93^ 
mdicis for Lahore, SiaUcot Ludhiana RohtaJc and Multan m the 
Punjab IS 19JI 35. for index number for Kanpur m Ibf 
United Provinces is August 1939, and for indices for ‘V'tOga 
patam Ellore, Bellaiy, Cuddatore, Cousbatorr, Madura TncfiuiO' 
po!) and Calicut is )«ar ending June, 1936. Thus, the 
penod of the vaTious index numbers vanes from the qumquen 
lum ending 1914 as m the case of centres m Bihar and On>S3 
to as recent a base as August 1939 

For obtaining Svelglita' for these indices famd) budget 
inquiries have been made from Ume to tunc m some of the 
provinces Detailed and comprehensive studies have l>een 
made only m a few places such as Bombaj, Ahmcdabad 
Sholapur, Madras Crty, Nagpur and Jubbulpore The Kanpur 
index ts based on the tabulations of 300 out of 1500 
family budgets of mill workers that were collected m 1938 39 
by the Labour Office of the U P The weights used m the 
compilation of the indices for the Punjab centres were derived 
from only 138 family budgets of workers getting Rs. 50 or 
less per month whidi were ctMected iti connection with the 
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investigations of the Rojal Commission on Indian Labour. 
The weights used in the construction of Bihar and Orissa indices 
do not rest on any adequate statistical basis. 

Further, neither is there any uniformity in the various 
provinces regarding the agency employed for the collection of 
prices nor regarding the frequency with which the data are 
collected. In some centres prices are collected weekly, in 
others fortnightlj’, Mhile in the Punjab centres they are recorded 
only on the last day of each month. 

The scope of the indices also shows great variations. 
Almost all the indices are fairly comprehensive in regard to the 
Food Group, but they show much variations among themselves 
with regard to other groups. The Jheria index does not include 
the Fuel and Lighting group, the indices for centres in Bihar, 
Orissa and the Central Provinces do not include House-rent, 
while the Clothing Group is somewhat unsatisfactory in most 
of the indices, firstlj' because some indices include very few 
items of clothing and secondty because the obtaining of com- 
parable price quotations is difficult. The Bombay and the 
Madras indices are fairly comprehensive in respect of the 
Miscellaneous Group, but the Bihar and Orissa ones completely 
ignore these items. 

Thus, there is a" great deal of diversity in the scope and 
method of construction of die above-noted cost of living 
index numbers as between province and province. The base 
periods differ widely in time as well as in length; the ‘weights’ 
have been obtained as a result of inquiries made in the neigh- 
bourhood of the basic period in each case so that the several 
series refer to widely differing standards of living; the agency 
of collection of prices and the frequency of quotations show lack 
of uniformity; and, some of the series ignore important items 
like house-rent and miscellaneous articles. For all these reasons 
F 18 
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tlie cost of liring indices relating to the different Prorinces 
are not directly compamhle with one another 


The index numbers lor the centres in the Province to 
Bombay Madras and the Punjab are similar ui constructio l 
T he items in the list of articles consumed bj the worfcuig classes 
are grouped under five heads w food fuel and light ng 
clothing house-rent and miscellaneous Separate md ces arc 
ivorked out for the inditidua) groups The index for a group 
IS the weighted a\erage of the price relaliics of the ranocs 
Items in the group the weight as< g ned to anj item being the 
ratio tihich the expenditure on this Hem bears to the total expen 
diture on all terns included m the group The group mdees 
are cwnbined nto a general index m a like manner A detailed 
8tud> of the construction of the cost of J t ing index nuirber 
for industnal workers m Bomba> would clearh show the whole 
process in>oh-ed 


Bomtaj- WorkingClass Cost ot Lhioc Inder— This 
index first publishrf i„ ,9,, „ 

eonsumpton melliiKl 11. the absence ot on) relable Metchts to 
be given to d fferent Hen, The Bonibn) Ubour Office conduc 
the first in^ii, „„ki„g elas, fiunj) budget, m 

Bonibav Cil, bebieen M,, ,9,, ^ 

inquiiy betoOT Ma, 193 end J^e 1933 meertain rveights 
proport^l “ "';'‘™fj"dtnre on the different itenu 
consumed b) an average Bonibaj ivoriicrs famlj The results 
of the second inqaiiy ha\e been used m tho. <-ovoo.ev.i . t o>.» 

""‘t, “ 

SSuToMhl 

into n^rgroups r-ir lots' tJT'and 
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rent and miscellaneous. The food group includes 28 articles, 
which are: rice, patnl, wheat, jozvari^ bajri, turdal, gram, raw 
sugar (fifur), refined sugar, tea, four varieties of fish, mutton, 
milk, ghee salt, dry chillies, tamarind, turmeric, potatoes, 
onions, brinjals, pumpkins, cocoanut oil, sweet oil and ready 
made tea. The expenditure on ' other articles which can be 
included in the food group has been proportionally divided 
among items of like nature included in the food group; for 
example, tlie expenditure on refreshments has been added to 
expenditure on ready-made tea, and that on sweet-meats has 
..been divided equally between sugar and milk. Fuel and 
lighting group includes charcoal, firewood, kerosene, oil and 
matches. Clothing group includes dJtotis, coating, shirting, 
cloth for trousers, sarccs, and khans. The figure adopted for 
house-rent is the average rent per tenement obtained as a result 
of the 1932-33 family budget inquiry. Miscellaneous group 
includes barber (shave), washing soap, medicine, supari, bidis, 
travelling to and from native place and newspapers. Thus, this 
index number includes 46 articles. 

The price quotations for almost all the articles, except 
clothing articles, four varieties of fish, brinjals and pumpkins, 
are collected weekly by the officers of tlie Labour Office from 
two shops in twelve different industrial areas. The prices of 
all the clothing articles except khans are obtained from four 
different cotton mills having retail shops in Bombay City. Prices 
of fish, brinjals and pumpkins are taken from the Municipal 
records. 

The method'* adopted for computation of tlie index 
number is very similar to that of the British Ministry of Labour. 


* With effect from the index for the month ending 15th Jfny, 1943 
the method of compilation of tho index number for the corea!.« sub-group 
has been readjusted consequent on tho introduction of rationing at Bom- 
bay in ilay, 1943. Besides, the indices from June, 1943, onwards relate 
to tlio calendar month and not to the month ended the 13th as before. 
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Price qaotations for the current jear are first expressed 3S 
percent-iges of the prices for the base jear These percentages 
are i%eighted bj the percentages which expenditure on each 
Item bears to the lotaf expenditure on the group to whicli it 
belongs and Uie products are summated Sum of the products 
divided by too gives the vvejghlcd average index for eadi 
group The group index numbers are again ’ neighted by the 
percentage distribution of the expenditure on each of the 
group and then divided by the sum of the vvnghts Tb^ 
resulting weighted average is the final index. The percentages 
by which group index numbers — are weighted arc those arrived, 
at as a Tc uli of U c 193'* 33 mquirv except m the case of the 
mi'cellaoeous group who^e vicight 15 14 and not 25 w’hidi it 
maj have been m vnew of the fact that the sum of the vveighU 
fpvrcenngcs) for the first four groups comes to 75 The figure 
J4 represenr> the percentage whiA expenditure on the actual items 
I iduded in the miscellaneous group bears to the total expenditure 
of the average v\orkirig<lass family The percentages for the 
different groups are 


Food 

47 

Fuel and hghtuvg 

7 

Ootfiing 

8 

House-rent 

13 

Miscellaueous 

14 

Total 

S9 


Government of India’s Latest Schemes 

Because of the unsaiisfaciorj character of ihi. retail pnee 
index number included in the Ird x A umfeerj 0/ Indian Pncci 
and of the existing cost of Iivuig mdees compiled in vanous 
centres of India there is an evident ease for constructing retail 
pnee index senes in a scientific manner and for compiling a 
cost of living index senes on a uaifonn ba'is The tUu 
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Court of Enquiry, ivhich was appointed in August, 1940 under the 
Trade Disputes Act, 1929 to investigate into the dispute regarding 
Dearness Allowance on the G. 1 . P. Railway, made the following 
observations in para, iii of its report: — 

"None of the cost of Imng index figures at present 
available are entirely satisfactory . . . .The first 
requisite for an}^ satisfactory revision of the 
allowances that we have recommended is the 
preparation of up-to-date cost of living index 
figures for three distinct classes of areas, cit}', 

urban and rural We would accordingly 

recommend .that the question of preparing and 
maintaining such figures for the purposes of 
the Central Government be considered by the 
Government of India.” 

Acting on this suggestion the Government of India formulated 
a centrally controlled scheme for the preparation and maintenance 
of cost of Ihdng index numbers in selected centres, a brief out- 
line of which was circulated to Provincial Governments in 
October 1941 to which most of them gave a very encouraging 
response. The Third Conference of Labour Ministers held at 
Delhi in January 1942 concluded that it Avas adrisable to ensure 
unifonnity of technique in the compilation of cost of living index 
numbers in the various provinces. This was followed by the 
appointment of the Director, Cost of Living Index Scheme, by 
the Government to compile cost of living indices in selected 

centres of India on a uniform basis. 

/ 

The Government, feeling tliat during the Avar® period 
occasions might arise Avhen reliable figures indicating the 
changes in the le\'el of retail prices AA'Ould be urgentlA' re- 
quired, decided to proceed concurrently Avith a scheme for the 
compilation of retail price indices for those centres for Avhich 
cost of living indices Avould also be ultimate!}’ compiled. 


’ (September, 1939 to 


) 
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Owing to difficult es of orgimsalion it has been decided lenla 
tnely to select 15 rural centres being way side raih'-ay staUonS 
situated 11 different parts of the countiy including Indian State 
t rntory and atteinpt the cwnpilation of their retail price indices 

Thus the Government of India arc proceeding with three 
d stmet schemes — 

I The Mam Cost of I iving Index Number Scheme. 

■» Retail Price Index \un ber Scheme Urban Centres 
Retail Pr te Ind x Number Sibemc Rural Centres 

The Mam Coat of Living Index Number Sclieme.^SO 
tc res — 4*? from d fferent provinces of India {excluding those 
of ! North West 1 roniicr and Madras) and Ajtner and Delhi 
«. be 1 selected lor which it is proposed to compile cost of 
li\ ig 11 dices Family budget inquiries are to be conducted in 
these centres by the Provincial Governments or Administrations 
concerned It is hoped that some 20000 family budgets would 
be collected w ith a view to determine the necessary ‘weights * The 
lists of Items for the Retail Price Index Number Sdieroe have 
been so drawn up that if and when family budget inquiries in the 
selected centres are completed and weights ascertained it may 
be possible to proceed immediately with the compdation of the 
necessary cost of living index numbers by making use of the 
retail price data collected then 

Ret^l Price Index Noniber Sdieme, Urban Centres.— 
The centres selected for this scheme are the same as those 
selected for the mam cost of hvuig index scheme Retail price 
indices are being compiled m the Office of the Director, Cost of 
Lmng Index Scheme from weekly quotations of retail prices re- 
ceived by the Office from 53 urban centres Only 16 of these 
centres l^ve a common base ns January 1943 With the rest the 
base month vanes from centre to ixntre Indices for some of these 
urban centres are being pubb^cd m the Induin Labour Gasslt 
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Retail Price Index Number Scheme, Rural Centres. — 

The 15 centres selected for this scheme are divided into tliree 
zones: Northern, Eastern and Southern. Investigations re- 
garding the food and clotiiing habits of the poorer sections of 
the community at these centres have been completed. On their 
basis, the lists of articles , for which prices are collected have 
been drawn up, and certain shops have been fixed m each 
centre for the collection of prices regularly every week on a 
day appointed for tliis purpose. The task of the collection of 
prices has been entrusted to the station masters of these rail- 
v/ay stations and their ivork is regularly supervised by the 
Inspectors of Railway Labour within whose beat the stations 
he The returns, after careful scrutiny and tabulation m the 
Office of *the Director, Cost of Living Index Scheme, are utilized 
for the compilation of monthly index numbers for all these centres. 
The base for these indices is Januarj', 1943. They are being pub- 
lished in the Indian Labour Gazette 

Industrial Activity Index 

The inherent difficulties in tlie construction of index 
number of industrial activity are well-known. The absence 
of an Economic Census in India adds seriously to these diffi- 
culties Agricultural production in this country fluctuates 
considerably with seasons and climatic conditions, and is, for 
this reason, not suited to short-term inquiry covering a 
month or a quarter of a year. Besides, statistics of agri- 
cultural production are incomplete and not fully reliable. 
Therefore, in spite of its out-weighing influence, agricul- 
tural production cannot be included as a constituent of the 
Production Index. Bowley-Robertson Committee in their report 
lecommended that an industrial production index should not 
be combined with that of agricultural production. If it is com- 
bined, the weight to be given to it would be of so considerable 



^So -iTATi^ncs TJiroKr amj reACTKe 

a maffnitudi ihii n will swtH op tiu. ptmrat irdex of Indian 
businc'S Ncn Ingh 

J vin thi sfitt<t«cs ol indusfm! produ tton art not tp-itf 
ulicicni m India In spite of this Ccptla! tht well known 
weekl) journal of Calcutta has been publi'h ng c\er\ month 
an Index of Indian Imlustnal ActnU> sin».t ^’3rch 103^ 

‘ Capital ’ Index of Indian Industml AclJsitj-— This 
index 1 published monililj and !93j !•« taken a» the base 
tear The stries seletttd and tSt weighl> a^>!g^•xl to each item 
for computing this index are — 


ienis SeUcf i UoDht 

Industrial Produaion — 

j Cotton Manufaouro 0 

2 Jute Manufactures 6 

3 Steel Ingots ? 

4 Pig Iron 8 

5 Cement 5 

o. Paper 3 

Mineral Production — Coal 7 

Rail &. Riser borne Trade 24 

Financial Stati'tic« — Cheque Clearances 20 

Trade Poreign & Coastal — 

Exports 4 

Imports ^ 

Shipping Ponign &. Coastal- 

Tonnage entered 3 

Tonnage cleared 3 


bm e March, 1941 Trade Torentn anl Coastal and 
•'i t g Foreign and Coastal have been left out Instead 
No in Circulation (base Apnl loj, lo March 1936) 
With weight 6 and Consumption oi Electneity with weight 7 
have b-en included The weighted geouictne mean forms the 
general index and seasonal fluctuation are eliminated bj 
means of a twebe months moving aieragc Indoc for 
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cement appeared up to 1937-38 and has since been dis- 
continued with the remark ‘figures not available’. A specimen 
of the construction of this index is given in table 17, Chapter 
X, page 161. 

Statistics for the above scries are taken from the monthly 
publications of the Department of Commercial Intelligence 
and Statistics and from Statistical Summar}' of the Reserve 
Bank of India. This index does not afford an idea of the 
activities of people living in rural areas. And, even so far 
as urban people arc concerned it is not fully representative. It 
does not include tlie production of sugar, tea, hides and skins 
which are quite important in the Indian industrial structure 
to-day. However, in the absence of complete and adequate 
statistical data no better index could be compiled.* 

BRniSH mDEX NIBCBERS 

"Wliolesale Price Index Numbers. 

Three important wholesale price index numbers that are com- 
piled and maintained in Great Britain are: — 

(1) Board of Trade Index Number. 

(2) Economist Index Number. 

(3) SiaWst Index Number. 

Board of Trade Index Number. — The present series 
relating to this index begins with January 1935 and replaces an 
older series dating from 1920, which had replaced a still older 
series designed before the last Great War. The total number of 

* In addition to tlie index numbers discussed above indices of Phj-sical 
Vohuno o'f Production, of Prices of Securities, and o>f Values of India’s 
Exports and Imports are published in the Mmllily Svrvey of Business 
Conditions in India. A new Food Index, with the week ending August 25, 
1940, as the base has also been' started since February, 1944. The Capital 
also compiles and publishes a monthlj' Stoclcs and Shares index. 
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commcxliiies included is soo, and the total number of quota* 
tions IS ’58 the difference being due to the fact that m certain 
cases the a%erage of more than one quotation is used to get a 
belter representati%c figure fbe commodities include food 
articles materials of industry and scmi manufactured goods 
and are arranged in ii groups Quotations arc based upon marfret 
mines. The index is not weighted m the ordinary sense of the 
word but IS indirectly weighted b) using t\NO or more quotations 
for articles of special importance Pnce rclatnes are calculated 
upon the chain base method Geometne mean of the 11 groups 
IS extracted on a footing of equafiij The base jear has been 
succes«ivel\ 1913 1924 and 1030 The index is published in the 
f^ahoiir Oturtir 

Economist Index Number— This index number mrs on 
gmall) framed m 1864 and has been retised Pnce m 1911 
and m 1938 In its present form it compnses 58 commodities 
with 1937 as the base jear Fonnerl) arithmetic average 
w’as used in us construction but now unweighted geometric 
mean is used Results are published monthlj and fortnightly 
It IS complied by the Economist an nnpoftani penodical of 
Great Bntain. 

Statist Index Namber.^ — This index number is reall> a 
continuation of a senes begun bj the late Mr Augustus 
Saurbech who used 44 commodvtoes and selected as his base 
the average of the monthly whole^le market pnees of these 
commodities in the period 1867 77 He weighted the index 
not direcUj, but mdirccth by taking two or more quotations 
for articles of special importance This method has also been 
followed by the Status, a penodical of Great Bntam. which 
eoni.nued this index from 1912 The same base is being 
maintained even now In tts prevmt form it is based on the 
wholesale pnees of 19 foodstuffs and 26 raw matenaU. These 
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45 commodities are arranged in 6 groups. This index is valuable 
where a continuous record of figures over a long period is 
required, since it is presented in almost the same form in which 
it originated and also since its compilers publish every t'ear full 
details of its construction. 

Cost of Living Index Number. 

The most important index number is tliat compiled by the 
British Ministry of Labour. 

Ministrj’^ of Labour’s Cost of Living Index' Number. — 

This index number is designed to measure tlie average increase 
in the cost of maintaining vmdianged the pre-War standard of 
living of die working-classes. The foodstuffs included repre- 
sent about 75 per cent, of working-class expenditure on food. 
Retail prices are obtained from over 5>ooo retailers, distributed 
among over 500 towns and villages. The weights used are 
based on the average expenditure of I944 urban working 
class families. This infonnation was collected by the Board 
of Trade in 1904. Prices in July, 1914 are used as the base 
of the index. The use of weights relating to 1904 instead 
of 1914 is considered reasonable on the ground that no great 
change took place in the standard of living between 1904 
and 1914. 

The weighted average increase in the relative prices of 
foodstuffs is combined with similar figures showing changes in 
rents, clothing, fuel and light, and other items. The weights 
used are : food 7y2, rent 2, clothing i J, fuel and light i, miscel- 
laneous total 121/^. The final index along with the five 
group indices, is published monthly by the Ministry of Labour. 
No allowance has j'et been made for any changes in the standard 
of living or for any economies or re-adjustments in consumption 
and expenditure since I9i4- 
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Indices of Production 

Tl e ns o important ind ccs are 

I London and Cambndge Cconomic Sertice Index of 
Physical \olume of Production 

"• Board of Trade Index of Industrial Production 

London and Cambridge Index.— >This index includes 
agnculture and /nanu/aclunng and exfracuve induslnes. Clianges 
in t! e ph) steal volume of production indicate the extent to 
whch the countrv 3 resources are being used in industry and 
also indcate the results in terms of consumable goods The 
index IS calculated in two forms (l) an annual index and 
(2) a quarterly index Infonnation in the annual index tf (abuJat 
ed under the following heads 
Group I Agriculture 

II Pnnapat Minerals 

HI Iron and Steel Engineering S. Ship build ng 
Trades 

I\ Non FetTous Metal Tratles 
V Textile Trades 

VI Food Dnnk and Tobacco Trades 
VII Clienucal ind Allied Trades 
VIII Paper Printing and Albed Trade* 

I\ Leather Trades 
\ India rubber Trade. 

\I Bu Idisg and Contract ng Trades 

Tl e quarterly index i> cmnp led upon tl e «ame general 
pni ciples as the annual index subject to the omission of 
certain information whch is not avu table quarterly Since 
1939 weights assigned have been proporl onal to the net out 
put of industries obtained as the result of the Census of Froduc 
tion of 1904 The syscro of night ng adopted ib therefore 
base year weighting 
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.Board of Trade Index. — This index differs from the 
annual (but nol ihc quarterly) index of tlic London and Cam- 
bridge Economic Service by the exclusion of agriculture. But, 
certain brandies of industries not covered by the latter are in- 
cluded in this index. The industries are classified into groups 
comparable, so far as possible, with the grouping adopted for 
Census of Production of 1924, vt ~. — 

(i) Mines and Quarries, (2) Iron and Steel and Manu- 
factures thereof, (3) Non-fferrous Mctrils, (4) Engineering and 
Shipbuilding, (5) Textiles, (6) Chemical and Allied Trades, 
(7) Paper and Printing, (8) Leather, Boots and Shoes (9) Food, 
Drink and Tobacco, (10) Gas and Electricity'. 

The objective of this index is the net oivipnt of the \'arious 
industries, i.e., the excess of the value of the products over 
the value of tlic materials utilized in tlieir manufacture. Agri- 
culture is excluded from flic inquiry because of the fluctuations 
in agricultural production uith seasonal climatic conditions 
and the consequent unsuitabilit}'^ of such production for an 
inquiry covering less than a year. The method actually adopted 
is to compare the best available statistics measuring tlie volume 
of production in the current quarter with the corresponding 
figures for 1924. Weights are assigned in proportion to the net 
output for 1924. 

Indices of Business Activity. 

Literature on the subject of business barometers and 
business activity indices is voluminous. The Ixindon and 
Cambridge Economic Service issues a monthly bulletin of 
comparable statistics upon every imaginable branch of economics 
and finance, such as, prices and wages, output and internal 
activity, foreign exclianges, finance. The Board of Trade, the 
Bank of England, the Economic Advisory' Council, among others, 
issue periodical tables and charts relating to general econo-' 



2S6 «TaTIsTKS TICtOBV AVD I BACr/CI 

mic con Die jw>sl important m<!r'c <1r5i)pie«I parti 

cuhrU for i stu<U of birtiiKSA «jnilit)On<. H tknl of tli'* 
lull »>sl 

“EconomlsV Index of Biislnesn Actlvlt> Thw is a 
monthl) index and gtxs lock to 19-14 It was rcM«fd m 

Julv, 193O and recaiaibted «Uh 1935 as ilie Ui’e >car Its 

objeet IS to measure changes in the economic 'icliiitj of UiutetJ 
Kingdom in (junnliniive — ntt moiietarj — units 'fliat is. it 11 
designed (o afford an a{)pr<ixmtate idea of diictiutioiis m the 
real national income The component senes of iIk in*!rx and 
tlieir respnlive heights art — 

u I I mplo>Tnciil JO (i) Consuniplioii of coil 4 (3) 
Industml ConMiniplion of riectneit) 2 (4) ^ferrban^llSi on 
lUxeipts 3 17) Duilding ArtiMii 2 (8) Iron and Stesl 

Ktfeipts 3 (7) Pudding ActiuJ> 2. (8) Iron awl Sji”rf 

available for Consumption s, (9) Consumption of Colton t, 
(to) Imfiofi of Paw nvitemh 2, (ii) report of Pntish nunit- 
factures 3, (12) Shipping movements 2. (13) Metropolitan, 

Countr) and rrovuicial Bank clearings 4 (14) Town clmnng i 

All the series excepting building aclivil> arc correcteil for 
sin>oaa) HVigfcJeif gwfwerie weafl of ihe coo 

stituent senes gives the Business Actmt> Index 

XJNnrED STATES’ INDEX NU^IBEIIS 
WjjoJesale Price Index Nionbers 

Following are the well known wholesale price index numbers 
in the Tj SA — 

1 Bureau of Labour Statistics 

2 Federal Reserve Boards 

3 Dun’s 

4. Annaltsl's 

S Fisher's 
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Bureau of Labour Statistics, Index. — This index number 
v.-as a weighted average of relatives upto 1913 based upon the 
average price of 1890-1899, Since 1914 this index is tire 
weighted aggregate of actual prices, and the weights now assigned 
are the amounts of goods marketed in 1919. Prices of 450 
commodities are regularly collected by the Bureau. These com- 
modities are arranged in 9 groups. Monthly and annual indices 
for the commodit}’ groups, separately and combined, and reduced 
to relatives on base year, 1913, arc published in The Monthly 
Labour Rcvicta, and in Wholesale Prices, both issued b}^ die 
Bureau of labour Statistics, Washington. 

Federal Reserv’c Board’s Index. — This index of wliolesalc 
prices has been prepared since October 1918 — the series being 
calculated back to 1913. The price quotations, commodities and 
tlte method of calculating the index are the same as those of the 
Bureau of Labour Statistics’ index, except that commodities are 
grouped in three major classes: raw materials, producers’ goods 
and consumers’ goods. Monthh' and annual indices appear in 
The Federal Reserve Bdiiciin, Washington. 

Dun’s Index. — This index number is based upon the 
wholesale prices of about 200 commodities obtained from 
the principal markets of the U.S.A. The commodities are 
grouped into 7 classes, and weights are given according to 
average annual per capita consumption. The weighted aggregate 
of actual prices yields the required index, which is published in 
Dun's Review, New York. It is an index issued by private 
organisation. 

Annalist’s Index. — This ’ index is computed by tlie 
Annalist, a New York financial journal. It is based upon 25 
food products. The quotations are taken from Chicago and New 
York markets and are selected, it is held, so as to be repre- 
sentative of a theoretical family budget. This index is a simple 
arithmetic average of relatives, with average price for 1S90-99 
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as the bast \o ixpJicit wcighJii^ is ««cd monjhh 

and \earl\ ukIkis art pnbbshnl m the jourtnl This jnd'^ is 
al o 1 su<d In non gowmment organisation 


risher’s lndcx.-~I*roftssor Irvmg n>hcr of ^alc Lnncr 
sity publishes ntxkly through a s>n«hcatc of American nevts 
papers an in lex number of sihohsalc prices and its recipro 
cal the purchoMng power of dollar The series began in the 
first week of Januan 1023 The quotations are taken from 
/hin’r Artieu It is a weighted aggregate of prices of 305 
commoditicc the actail quantities of nch commcnhls sold n 
iqiq being the weights for their respectiie commodities The 
year I 0»3 is used as the base This ind<.x is also compiI«J ht 
private urganivation 

Cost of Liv-ing lodex Number. 

An important cost of living index number issued by the 
United States Government is that coniptlei! by the Umiovl States 
Bureau of Labour Statistics 

Boirati of Labour Statistics' Index of Cost of IJ\ 1 ng.~. 
Thu index number has been published b\ the Bureau since 
1918 although the ilata have been computed baci. to December 
1914 The pnee quotations refer to commodities consumed 
by working-class famibcs They arc in some cases submitted 
by storekeepers and arc collected m other caees by Bureaus 
field agents The groupings ate (i) food (a) clothing {3) 
rent (4) fuel and light (5) furniture and furnishings and (6) 
mi«ceIlaneous items. The system of double weightings as m 
the Bombay Cost of Living Index Number m India is adopted. 
^Velght3 arc based upon the result of a study of more than 
12 000 family budgets in 92 localities m the U S A The year 
1913 IS used as the base Chai^ m the cost of hvmg for the 
country as a whole and for different cities are regularly pub- 
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lished in the Montlily Labour Review, U. S. Bureau of Labour 
Statistics. 

Indices of Production. 

Among these indices, those compiled by Stewart, King and 
Snyder are important. The Harx’ard Committee on Economic 
Researcli also prepares them. 

HarAn-rd Committee’s Index of Physical Production. — 
This Index is a quantit}' index prepared, separately and combined, 
for agriculture, manufacture and mining. Annual amounts of 
production of different items in these groups arc expressed as 
relatives of the production in 1909, the base year. Weighted 
geometric mean of the group index numbers gives the combined 
index. The indices for the groups and the combined index are 
issued as adjusted and unadjusted. 

Indices of Geineral Business Conditions. 

While dealing with indices of business conditions in 
Chapter XII it was pointed out that business in general, and 
certain of its phenomena in particular, pass tlirough well- 
defined major and minor changes, so that it is possible not only 
to measure their present conditions but also to forecast what 
the future trend is likely to be. This service is performed by 
the Hansard Committee on Economic Research through its “Index 
of General Business Conditions.” 

Hansard Index of General Business Conditions.— As a 
result of an elaborate study of the data relating to U. S. A. 
for the period 1903 to 1914 it was found that there was a sequence 
in the movements in the speculative, business, and money 
markets which could be statistically measured and graphically 
presented. Accordingly, three curves, A, B and C, for Specu- 
lation. Business and Money respectively are presented on a diart 
which generally shows that movements in Curve A precede 

F 19 
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those in Cune B anti those m Ciine B precede (hose in Curve 
C This movement occurs with such a rcgulantj of sequence 
that the curves afford a logical basis for scientific business 
forecasting 

The following senes was used in the chart covenng the 
trial period, 1903 to 1914 — 

Curve A — Speculation 
New York Bank Cleanngs 
Pnees of Securities 
Cunv S — Dust««s 
Wholesale Commodity Prices 
Bank Clearings Outside New York City 
Pig iron Production 
Curve C— Money 

Interest Rate on Commercial Paper 
Loans and Deposits of New York City Banks 
The index was presented m the form of a chart The 
following senes was used for the penod I9t9'i934 — 

Curve A — Speculation 
Bank debits 
Indostnaf Stock Prices 
Curve B — ^Business 

Bank debus for 140 cities outside New York City- 
Cyclical Index of Commodity Prices 
Curve C — Money 

Rate on 4*6 months good Commeraal Paper 
Rate on 4-6 months prime Commeraal Paper 
These new curves, although based on different data, have 
similar funcUon to perform 

In addiUon to the above is the Porecasting Composite Line 
prepared by the Brooktture Ecanonne Service designed to fore- 
cast stock and commodity prices 
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EXERCISES 

(1) What is the objective of an index number? State 
briefly the relevant conditions for its construction illustrating 
your answer by reference to the Index Numbers of Prices pub- 
lished by the Government of India. 

(B. Com., Bombay, 1936). 

(2) Explain the construction of the Calcutta Index N^um- 
ber of Wholesale Prices, and examine the advisability of treating 
it as conclusive in discussions relating to all-India problem. 

(B. Com., Alld., 1944). 

(3) Describe any index number in use in India at present 
for measuring changes in the wholesale price level, and point out 
its shortcomings. 

(M.A., Cal., 1937). 

(4) Examine crltcally the Calcutta wholesale price index 
prepared by the Director-General of Commercial Intelligence 
and Statistics. In what respects is the new md(^ prepared by 
the Economic Adviser to the Government of India an improve- 
ment upon the Calcutta index? 

(M.A., Patna, 1943). 

(5) How will you construct a cost of living index number 
of an Indian middle class family? 

(M.A., Alld., 1937.). 

(6) How would you measure the cost of living in the 
United Provinces for a series of years? What are the difficulties 
involved, and how may they be solved? 

(B. Com., Alld., 1943). 

(7) Desenbe carefully how you would proceed to construct 
the cost of living index numbers for the U.P. (for the benefit 
of industrial labour). Would you allot weights according to 
‘Fisher’s Ideal Metliod’ or Family Budget Method ? Give reasons 
in support of your answer. 

(M. Com., Alld., 1943). 

(8) Expiffin clearly how the “Capital” Index of Business 
Activity in India is calculated. How far do you consider it re- 
presentative? 

(B. Com., AM, 1940). 



392 


stati<;tjcs TiuoJtY and rsAcricf 


(9) Wliat statistical material would jou uliluc for pre- 
paring an Index of Economic Actnit> in India? How would 
JOU collate jour data’ 

(M Com , Luck , 1912) 

(jo) Name the important Wholesale price index numt>efS 
and Cost of liMng index numbers published in India, England 
and the U SA., and explain the construction of at least one of 
each tjpc in each of the three countnes 

(11) ^^'hat IS the function of index numbers of business 
conditions^ Expbin 11 with an illustration of an actual index 
number of business conditions published in the U S A, or 
England 

(12) \Vnte bnef cxplanaiorj cotes on the following ~ 
(i) Saurbecks Index Kurober, (2) The Annalist Index 

Number. (3) Board of Trade Index Number, (4) 
The Statist Index Number, (s) The Economist 
Index of Business Actmt>, (o) 'Capital Index of 
Indian Industrial ActiMl>, and (7) Bombaj Cost of 
Living Index Number 

(13) How will JOU nuke an estimate of tlie 'dearness 
allowance’ that may be proposed to be given (0 industrial labour 
m Kanpur due to rise in the cost of living since the outbreak, 
of the present War’ 

(14) If )OU are rw^uired to study the changes m business 
conditions in India, on which problems will you collect the infor 
mation from official and non-^ici-il sources’ 

(15) ^Vhy are the working class cost of living index niwn 
bers available at present in India not dircctlj comiiarablc vuth 
one another’ \Vhat steps are the Government of India taking to 
compile a new senes on a comparable basis’ 

(M Com . Aid 1944) 

(16) ^Vhat IS the technique of the cost of living index 
numbers’ What is the method of their compilation in India and 
for what places arc they compiled’ 

(B Com , Nagpur, 1943) 
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(17) Explain in plain English what you understand by 
the term ‘Index of cost of living’. What are the difficulties 
common!}' met with in computing an index of cost of living of 
tlie labouring classes in this country? What are the uses of -a 
working class cost of living index? Have cost of living indices 
been computed for any industrial areas in this country? Give 
a critical account of any such indices, that }ou may be aware 
of, with suggestions for their improvement. 

(M.A, Agra, 1944). 

(18) Most industrial establishments in India are paying a 
dearness allowance to tlieir employees on account of the high 
cost of living. Examine carefully how far an automatic linking 
of dearness allowance to the cost of living index is a proper 
solution of tire problem. 

(M.A., Patna, 1944). 

(19) Give the salient features of tlie All-India Wholesale 
Price Index Number of Certain Articles, issued by the Economic 
Adviser, and examine critically its representative character. 

(M. Com., Alld., 1945) 

(20) Explain the construction and utility of the Bombay 
Working Class Cost of Living Index Number, and construct the 
index for April, 1944, from the following data : 

Groups Weights proportional Group index Nos. 

to total expenditure for April, 1944 


Food 

47 

247 

Fuel and lighting 

7 

293 

Clothing 

8 

289 

House-rent 

13 

100 

Miscellaneous 

14 

236 


(B. Com., Alld., 1945). 



CHATTER XIV 


DIAGRAMMATIC REPRESENTATION 

An unportant function of the Science of Statistics is to 
present complex and unwieldy data m a manner such Uiat they 
would be readily inlelhgibte Classification and tabulation 
constitute the first step towards die attainment of this objcc 
live but even tables containing as they do a number of 
figures do not enable one to grasp the whole data at a glance 
Computation of simple dern'atixes statistical aterages and 
index numbers constitutes further step m the direction of 
condensing the tabulated data But still the condensed material 
IS presented lo numerical form Numbers are not interesting 
to all To many they are dull and confusing, and if ther 
number u pretty large, it would be difficult lo compare them 
and observe their differences A long list of death rates and 
birth rates to take on example, relating to a large number of 
towns in a country, or to different countnes of the world would 
tire ones eye and confuse his mind. It would not be easy for 
him to note the differences in death rates and birth rates of 
different toivns or countnes as the case may be Therefore 
it IS neemsary to adopt a device which may present huge mass 
of quantitative data, or their condensed form m a way that is 
at once wjmpaiable and appeahng both to the eie and the intellect 
For this purpose, the method of visual aids which composes of 
presenting statistical material m petures geometric figures and 
cunes has been devised. 

TTsefulncss of Diagrams 

Diagrams carry with them die menfs of attraction and 
effectne impression One may not like to devote even a 
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minute to the study of a page — a small page — containing a 
number of quantitative figures; and, even if he devotes time, 
numerical figures may go out of his mind soon after he has 
studied them. But tlie same person may not — in most cases, 
would not — like to take his C3'cs away from a picture relating 
even to tlie same topic to which tlie numerical 'data did. Nay, 
he might invite otliers to have a, look at tlie picture. And, if 
the picture has really attracted him, it need not be said that 
it would leave an effective impression on him. This is based 
on human psychology, and a successful advertiser or propa- 
gandist always exploits this psj'cholog}' of the people to win 
his mark. A manufacturer of soap bars advertised for a con- 
siderable time that his bar, having the same price as that of 
his competitor, was much heavier than his competitor’s, but 
did not find any improvement in his sales. And, when he 
advertised in pictorial form — ^a balance containing his bar on 
one side and his competitor’s on the other, the pan containing 
his touching the ground, while the other much above the 
ground, and the words “For the same price’’ beneath the 
picture — ^he found to his pleasant surprise that the demand 
for his bars increased so much that he had to extend his 
plant. 


It follows from tlie above example that diagrams are not 
only attractive and impressive, but also have the merit of 
rendering the whole idea readily intelligible. A man, to take 
another example, who has never seen or handled more than 
a few hundreds of anything may not understand how large 
the city of Bombay would be if he is told that its population 
in 1941 is 1,490,000. But, if he is living in Nagpur and is 
told that Bombay is nearly five times of his own city in the 
size of population, he would, not doubt, try to understand what 
it means. The idea, however, shall be more easily and readily 
grasped if this fact is represented to him diagrammatically— 
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eg, zn area nia> be divided into five ctiual parts one of which 
maj be shaded and named Nagpur while the whole of the area 
would show the popubtion of Bomba} It would be clear at a 
glance that Nagpur Ts onl} one fifth of Bombav 

Another merit of diagrams is the ea«c with which the} 
make ccmparison possible lopuhtion of Nagpur with Bom 
ba) s or the weight of one bar with that of the other in thv 
above examples can be quite easilj aiul rcadil} compared 

\el another characteristic feature of diagrams i> that 
thev save mudl valuable tune, which would otherwise be lost 
in gra«ping the significance of numerical data 

La«tl) a chief mem of diagrams and graphs is that the 
entire data which when expressed m numeri'^l form ma> be 
unwield} and require a number of pages to write down are nude 
visible at a glance 

For these ments of theirs diagrams are ver) useful in 
economic and social studies A pure!} theoretical economist 
finds in them the basis for logical reasoning and eastl} explain 
mg an economic law, such as the lavs of substitution or of 
dimuiishing utilit} A practical economist ina> make his ideas 
impressive through diagramrrutic representation Knowing 
that the expenditure of the eleven provincial governments 
in India m 1940-41 on InduMriei totalled 115 lakhs of rupees 
and that on Police i 120 lakhs of rupees he would do well to 
represent his idea diagrammaticall} rather than quoting the 
figures When a social reformer u addres‘'ing an audience 
mere reading out of figures would make the hearing dull 
tedious and tiring But if he appear* on the platform 
with pictures diagrams and graphs hi* talk would be m 
teresting livel} and impressive A businessman or an administra 
tor has hardly any time to devote to the sludv of a huge mass of 
figures however well arranged. But if he is presented with 
graphs showing the rise and fall of a certain acttvitj or with 
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pictures and diagrams, it will hardly take him more than a few 
minutes to grasp the significance of the rvhole. It is, thus, 
evident that diagrams, charts, pictures, graphs and similar 
other visual aids scr\’c a more useful purpose than any other 
device. 

But, diagi'ams can be as much misused as they are useful. 
In advertisements and political propaganda they are often deli- 
berately misleading, though they might be literally correct. The 
true statistician has to guard himself against mis-representation. 
Hence some general directions for drawing diagrams. 

Directions for Drawing Diagrams. 

It should be remembered that diagrams do not add any- 
tliing to tlie meaning of statistics. They afford only a method 
of presenting tliem. However, w'hen drawn and studied intelli- 
gently they bring to light the features of statistical groups 
and series; they show the various components of a group in 
relation to each other and to the group as a whole; they show'' 
the unity tliat underlies tlic scattered figures. They are, 
therefore, only a means to an end, the end being to make 
comparisons. Consequently, if there is only one isolated 
numerical quantity, there is no sense in presenting it diagram- 
matically. Similarl}', if there are many figures, in no way 
related to one another and, therefore, having no common 
characteristic, they are incomparable and, therefore, need not 
be diagrammatically presented. For example, if we know 
that the monthl}" expendituie of a certain student is Rs. 50, 
his age is 22 years, the length of his nose is 1.325 inches and 
he has 20 books, we cannot represent Rs. 50, 22 years, 1.325 
inches and 20 books by anj’- kind of diagram, since the four 
numbers are incomparable. On the other liand, if we Icnow 
that one student is 60 inches long and another only 48 inches, 
w'e can compare the two measurements and, therefore, represent 
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them d agramniaticallj It i*! then cstaUi«h«l that the method 
o{ da^n.! nauc representation can be made use of nhen there 
arc at least two numbers v.lnch are similar in nature and character 
at least m one important respect rnd which also t'arj mdepen 
dtntlv of each other 

Another po nt that should be kept in \icw is that diagrams 
are not the substitut s for the rear magnitude of the quantits 
the) represent The size of a diagram changes with the 
clnnge in the scale to which it is draivn The same quantity 
drawn to two different scales will yield diagrams of difTcrent 
sizes. 


It IS cMdent from the iboie that in tlie technique relating to 
dniMng of diagrams the sci«iion of the proper scale occupies an 
jiortanl place No rigid rules can be laid down for the selec 
t on of a proper scale but a general direction that can be given 
for the purpe^e is that tint scale is the most suitable the 
diagram drawn to which would be neither so big as not to be 
visible at a glance nor so small as to look clumsy and indistinct 
and covir jnly a very small part of the space available The 
Scale should be so chosen that the size of the resulting diagrun 
would show tVve. significant feature^ of the wumeiicai q’januties 
for which it Stands All pnncipal details must be clear The 
\i.rtical scale should be marked at equal unit spaces and the 
measurement of each unit space put dow-n Generali) the vertical 
scale should be shown on the left hand side of the diagram The 
honzontal scale should be given at the bottom of Uie diagram On 
eath side the vertical and the horizontal the vanable represented 
'hould be indicated- Tor instance the viftical Ime might show 
the amount in rupees and the bonzonlal the different countries 
Tl e diagram should be tiatly drawn wuh the help of drawing 
instru nents It should be given a suitable heading The 
data represented diagrammaticall) should be given on a page 
adjacent to the one on whi<* the d vgnm is drawn. If these 
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data are indicated in the diagram itself, care should be taken 
to see that the quantities are so placed in the diagram that they 
do not distort the visual impression conve3’ed by the diagram. 
To make distinctions clear, various kinds of dotting, lining, 
crossing, cross-hatching, or colouring should be used. 

The drawing of diagrams, as a matter of fact, is not so 
difficult as the selection of suitable types of diagrammatic 
forms to depict a concise picture of the statistical data in 
hand. In selecting the most suitable diagram from among 
tile varied fonns of diagrams, the criterion should be that the 
diagrams selected should lead most quickly and with the 
greatest accuracy to the real meaning of the quantitative data. 
The test of a successful selection lies in the speed with 
which the quantities can be accurately studied with the help of 
the diagram selected. 

Different Forms of Diagram. 

Diagrammatic representation can be made in any one of 
the following ways : 

(1) One dimensional diagram, c.g., lines or bars draivn 
to a common scale. 

(2) Two dimensional diagrams, e.g., squares, and 
rectangles whose areas are made proportional to the 
given figures. 

(3) Circular and angular diagrams, e.g., circles whose 
areas are made proportional to given magnitudes, 
and which may be divided into sectors whose common 
unit is the degree. 

(4) Three dimensional diagrams, e.g., cubes, cjdinders, 
blocks whose volumes are made proportional to the 
given figures. 

(5) Pictograms, c.g., statistical maps and pictures. 
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Technically there is no objection to using squares, rec- 
tangles cubes circles and pictures, but to practice, lines, bar* 
and anguhr diagrams arc the easiest to draw Tliej* can also 
be made sufficientlj accurate Therefore, so far as possible 
Ihi\ should be preferred TTic terms dngram, chart and 
graph are %er> often used viithout distinciioti, the same figure 
being given anj of these names. We shall use the term 
diagram for the various forms jKiinted out above, and the 
icnn graph for curves onl) which would be diTlU vfUh in later 
chapters 

One Dimensional Diagrams — Simple liar. 

\ bar IS merely a thick line whose width, though shown 
in ihv diagram is not taken into consideration It is shown 
nil rciv to in ikv the diagram look attractive. Therefore, 
ihtst diagrams m which only one dimension is considcreil 
are called one dimensional diagrams Now, a bar may be 
shown as a simple bar oc il may be duidevl into parts 
That one dimensional diagram in which the Uirs arc not 
sut>-<lividcd, that is, where the bars represent the whole of a 
magnitude and not components of it, is called a simple bar 
dagRUQ. We consider it first 

To draw a bar diagram the heiglit of the biggest bar 
should be adjusted to ihc size of the diagram. Some margin 
should be left all round the diagram to write down the title 
and the designation of units and scale The width of the 
bars should be neither too tag nor too smalL If the number 
of Items is vetj brge and the space very limited, thick bars 
ma> be replaced by thm lines as done m Figure 22 
^e bars should be drawn to a common horizontal or vertical 
base line, generally the honzontal base is used on which bars 
are made to sund vertically Honzontal base is used for the 
simple reason that compansmi of one bar with another can 
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better be made in terms of height. In a single study all the bars 
must be of the same uniform width, separated by equal intervening 
spaces. Bars may be coloured, lined or dotted, but the colour 
used or lining or dotting done should be the same in all the bars 
in a single study. If bars are made to touch each other, tliat 
is, no intervening blank spaces arc left, the diagram would look 
a continuous and blurred one with its top disfigured. Bar 
diagrams are not suitable for presenting continuous series such 
as that spread over a period of time. For this purpose graphical 
metliods of presentation are used. Bar diagrams are suitable for 
representing spatij l series. 

Table 34 gives the yield of certain food crops in India for 
1936-37,’- which arc diagrammatically represented in Figure 3. 


Table 34. Yield of certain food crops iu India 
(indnding minor states) — 1936-37. 


Crop 

Wheat 

Sugar 

Cane 

Jowar 

Gram 

Barley 

Maize 

Yield 

(liooo Tons)] 

8.513 

6,289 

5.401 

' 3.817 

Z.311 

1,836 


The highest yield to be represented is 8,513,000 tons, 
A suitable scale has been selected to represent this yield properly, 
and the yield of otlier crops has been reduced to this scale. The 
lower ends of all the bars have been placed on the common 
horizontal base, so that comparison can be made between 
yields of differait crops by comparing their heights. To make 
comparison eas)^ the bars have been arranged in descending 
order; they could have been arranged in ascending order as well. 
The scale is put down on the left-hand side, a little away from 
the biggest bar. Names of tlie crops are given below each bar. 


’ Thomas and Sastry, Indian Agricultural Statistics, page 119. 
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\ smtabl t cad i K is gi\tn at the lop Tl e birs arc separaled 
b) cf]ual 1 bnk infer spaces 


Y^r’hrn 

(000.C00) 

*1 


1 wW ftria n feoJ ri-ff* «« I Hfah 
Jiulttn (larra^fM^ « Mr AfofM) in 
loKiS 



Ft 3 

In interpreting I igure 3 it should not be said tlut m 1936-37 
the Yield of s^heat in India was the largest among o/l the crops 
for there might be some crop other than the crops shown in the 
diagram whose yield maj have been higher Actually, the jield 
of nee in the same year was *7 43000 ions It can of course 
be said vvithoul any mistake that among the six crof^ represented 
m the d agram the yield of wheat was the h ghest and that cl 
maize the lowest in 1936-37 


In Figure 22 heights of 55 bojs have been shown bj vcrti 
cal 1 nes tlie method of construction being nearlj the same as that 
of Figure 3 

If instead of yield of food enqis m India we were given the 
imports death rates or income fer cafi/a of different countries 
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of the world the above method of simple bars would have 
been followed to represent them diagrammaticaUy. Again, 
if we were given imports and exports of different countries 
and it was desired to compare imports of different “ 
countries, exports of different countries and imports and exports 
of the same country, we could have extended the principle 
of simple bar diagram for this purpose as well. Choosing the 
horizontal or the vertical line as the base we could have placed 
two bars, one representing imports and the other exports of 
the same country, and separated this pair by an inten^ening blank 
space from another similar pair for another covmtry, and so on, 
colouring the bars showing imports with one colour and those 
showing exports with another colour. This method is some- 
what complex for simple comparisons, and can be replaced by 
that of sub-divided single bars. 

One Dimensional Diagrams — Sub-^divided Bar. 

If a given magnitude can be broken up into the parts of 
which it is composed, or, if there are independent quantities 
constituting the sub-divisions of a total, bars sub-divided in 
the ratio of’ the different components may be used to show 
the reiationship of tho parts to the whole. For instance, if deatli 
rates and birth rates of different countries are given, bars 
may first be drawn to represent the birth, and from diese 
bars portions from tire bottom of the bars may be cut out 
in proportion to the dedfi rates and coloured black to dis- 
tinguish from the remaining white portion whicli would 
show the survival rate. Again, if tire population of a number of 
countries is given, bars representing the population of 
different countries may be furtlrer sub-divided into two parts 
in proportion to males and females, one portion being shaded 
black to distinguish from the other. Technically, in these two 
examples we would say that tire bar showing death rates has been 
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super impo'cd on that showing birth rate, or bars showing males 
and umales h3\e been superimposed on the bar showing the 
total population 

Table 35 gi\es the \-alue oi exports and imports oi India 
in total nierUiandisc for three s'cars Th<r>e exports and 
impots maj be added up and bars proportionate to the totals 
mai be drawn the three bars being of unequal height because 
of the inequality of the total seaborne trade These bars 
may then ^ <ub-di\ided into two portions, the lower one m 
<ach one of the three bars sliowing the exports and painted 
black and the upper portion remaining white, showing the 
imports Thus three compansoos will be possible at a glance 
— n? tho<e rehiing to exports, imports and total trade m 
different >eaf« 

Another method inav be to drayy three bars of equal length 
to <how the total foreign trade which in eaOi case ma> be put 
down at hundred , these bars should then be sub-diyided accord 
ing to the percentage which exports and imports m each jear bear 
to the total foreign trade of that )ear 

us suppose that the three bars are 5 inches in length 
each The total foreign trade for 1923 24 ta about Rs 600 
crores and the exports and imports are respeetivclj Rs 363 
crores, and Rs 237 crores so that they are ttspeclively 60 per 
cent and 40 per cent of the toUl foreign trade The bar of 5 
inches (or 1923 24 would therefore, be divided into the propor- 
tion of 3 2 to represent 60 per cent and 40 per cent respectively 
This single bar now represents percentange values of the imports 
^d exports to toUl foreign trade of India , separately 
The difference between this method and the former method 
should be carefully noted. The fonner method makes possible 
the comparison of actual xalues of impons with exports and 
of imports or exports with the total foreign trade, while the 
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latter method makes possible the same comparisons in percent- 
age values. y 

r- > ’ 

If, however, the aim is to show the balance of trade the- 
method of sub-divided bar diagram can be applied to sub- 
dividing either the bar for exports or for imports, whichever is 
greater into two portions, the one representing the imports or 
exports whichever is less and the other showing the balance 
of trade, positive or negative, as the case may be. 

Table 35. Value of Sea-borne Trade of India in Total 
Merchandise (including Govt Stores). 


Year 

Imports 

Exports 

Balance of 
Trade 


Crores of Rs. 

Crores of Rs. 

Crores of Rs, 

1921-2 

282.59 

248.65 

— 33-94 

1922-3 

246.19 

316.07 

+ 69.88 

1923-4 

^ 237.18 

363-37 

-+-126.19 


To represent the figures of exports imports and balance 
of trade given in table 35 a common horizontal base line is 
chosen in Figure 4- For 1922-23 and 1923-24 two bars with 
their heights in proportion to the respective amount of exports 
are drawn; then, from the bottom of the two bars heights in 
proportion to imports are cut off and painted black. The 
heights of tlie full bars represent the values of exports, coloured’ 
portions represent the values of imports, and the remaining white 
portions show the favourable balance of trade indicated by plus 
sign in column 4, table 35. For the year 1921-22 the imports 
are greater than the exports. Therefore, first a bar representing 
the value of imports for the year is drawn on the same vertical' 

F 20 
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scak Tron-I the boUom o£ tbs bar a lictght cqaaliing trsporu 
js cut oft -ind iefi blank the small portion at tlic top being 
coloured black Tfic height of the fuH Iwr indicates tola! 
imports \hitc portion in it reprwents exports and the coloured 
portion at the top shoivs unfaaourable balance of trade Wire 
however the exports m a particular >car cxacllv ci]uaJ lo the 
imports the bar would be painted bbek without the ncccssitv 
of being sub divided The height of the Inr would indicate total 
imports as well as total exports meaning that the balance of 
trade was nil 1 igurc 4 makes possible the comparison of actual 
values Comparison of percentage values can also be made bv 
drawing the bars on percentage basis m the manner indicated 
alien c 


Value of J a borne iradt of India in loloJ merehandit 
{indudmg go^~•mm^nl siorts) 



Ttg 4 

ISote— r/ic shad d pormn al the lop of ihe bar for 19^1 -'■» 
i>idu-alM««/ato«rflWe balance of trad hie Du. « ute part, lns~a‘ 
Ilk top of the tor, for 19 2 23 end ,9 3 , 
t’aZance of •’radt 


d 


A s nglc ter ma) bt sutednijrf „„„ 
>oora,s„dl Table 36 pat, 
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profit and loss per table during three years. In the year 1938 
there is a gain of Re. i ; in 1939 there is neither gain nor 

Table 36. Proceeds, Cost, Profits or Loss, per table during 
1938, 1939 and 1940. 



1938 

1 

j 1939 


Particulars 








■■■■■■ 


■■■■III 




Rs. 

H 

i Rs. 

B 



Proceeds per tabic 

10 

f . 

100 

15 

100 

20 j 
f 

100 

Cost per table — 



1 


) 


Wages 

4-5 

45 

7-5 

50 

10.5 i 

52.5 

Other Costs 

3-0 

30 

5-1 

! 34 

7.0 ' 

35-0 

Polishing 

1 

! 1-5 

15 

1 

2.4 

16 ' 

1 

3.5 1 

i 

17-5 

Total Cost 

: 9.0 

{ 

ft ! 

90 

1: 

1 

1 1 

100 j 

» 


105.0 

Profit ( -h ) or loss 

i 

+10 


1 

f 

1 

—I i 

— 5 

( — ) per table 

i 

I 

\ 


1 

f 

1 

i 



loss; while, in 1940 there is a loss of Re. i. It is desired to 
represent the given data by sub-divided bar diagram drawn on 
percentage basis. 

In table 36 tlie percentages of wages, other costs and 
polishing to proceeds per table arc shown for the different 
years. In 1938 the profit is 10% of the proceeds and in 
1940 the loss is only 5% of the proceeds, although the actual 
profit and loss in both the cases are the same, viz , one 
rupee. Sub-ditided bar diagram drawn on the percentage 
basis would, therefore, be better in so far as comparisons of 
relative values are concerned; but it would not be suitable if 
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ictual >aUu> are to be compared rigiirc 5 «hows the diagram 
on percentage basi% 


Pfrcfti/o^cj of cost of and frofit and loss on a table 
in 1938 1939 and 10^0 



The construction of the diagnm to represent the data in 
tabk 36 should be carelullr studied r.rst three bars to 
represent the proceeds per table ate drann and made e()ti.l 
<0 roo The proportion, ol wages other cost, and polishing 
are then cut dotrn from the bats ,uch that the eante order 
tor each of them is maintained ,n the bars The surplus m 
base line indicate, 

proht there is no surplus in the bar tor 193, i„ ,1,. i,,, 

for J«o the deficit of jr-e tas been made ^ 

the bar below the homontal Inein minus direction ih! 
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portion below the horizontal line showing the loss. Compari- 
son in terms of percentages can be easily made from the figure. 
Bars could also be similarly drawn to compare actual values. 

Although bars may be used for showing the sub-divisions 
of a large number of totals, it is not advisable to adopt the 
bar method for comparison if there are more than three or four 
components of each total, because in that case even if the 
same order is followed in the sub-divisions in each bar, the 
disparity among the figures may place them wide apart so 
that one t}'pe of component would tiot be opposite the other 
in all cases, and therefore it may not be possible to make com- 
parisons at a glance. 


Two Dimensional DiagTams — ^Rectangles. 

The breadth of the bars, though shown in the diagrams, 
was so fat left out of consideration. It would be utilised now 
in drawing rectangular diagrams. A reciangle has t\vo dimen- 
sions. Hence, its area, and not the height alone as in the 
case of one dimensional diagram, is taken to represent a 
magnitude. If several magnitudes are given, they may be 
represented by separate rectangles whose bases would be equal 
but heights would be proportional to the given magnitudes, so 
that their areas would stand in the same ratio as the given magni- 
tudes. Rectangles are suitable for use in cases where two or more 
quantities are to be compared and each quantity is sub-divided 
into several components. 

Table 37 gives the monthly incomes of two families and 
their expenses on different items. The data would be properly 
represented by rectangular diagram. The incomes of the 
families are Rs. 80 and Rs. 40. Therefore, in Figure 6, on the 
same horizontal line two rectangles are erected such that the 
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heights are equal. Thus the areas of the two rectangles are 
in the same proportion as the incomes. Each of the rectangles 
is, then, sub-divided into components according to the percent- 
age of income spent on different items of expenditure. Per- 
centages are shown in table 37. In order that the marking 
out of sub-divisions may be easy and convenient, cumulative 
percentages have been calculated. They are shown in the table 
in columns 4 and 7. The vertical scale is given on the left, and 
with its help cumulative percentages have been marked in the 
lectangles. Thus, for family A the first mark is put at 40, 
the second at 65, the third at 75, the fourth at 80, so that the 
remaining 20 is he percentage expenditure on miscellaneous items. 
Cumulation of percentages removes the chances of error in 
marking the sub-divisions. 

The areas of the components of the rectangles are propor- 
tional to the actual expenses on various items, and the areas 
of the rectangles are in proportion to the income. Therefore, 
comparison of percentages of income spent over different items 
in the same family and in the two families is rendered easy. 
A glance at the heights of the rectangles relating to percentage 
expenditure on shelter and fuel and light wmuld show that these 
heights are identical in the two. It implies that the percentage 
of income spent on these items in the two families is equal 
but the actual expenditure is different. The actual expenses 
stand in the same ratio as the areas of the components. Similarly, 
there might be a case in which the heights of the components 
may be different but their areas equal, implying that the 
actual expenses are identical but percentage expenditure is not, 
the peicntage expenditure being in the same ratio as the heights 
of the components. 

Rectangles are not used to represent only the family 
budgets. They are two dimensional diagrams and can, there- 
fore, be also employed to show three different factors. 
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Consider table 38. It give* (i) price of a coniniodity, (2) 
its quantity sold and (3) Oifferent expenses of production and 
net profit. These facts have been diagnunmatically re- 
presented in Figure 7, a close study of which would reveal 
that the heights of tlie two rectangles are in proportion to 
Table 38. Details of frire, cost and quantity sold of tzvo 
commodities. 



IWiPI 



ifigiH 


Value of raw-materials 


Rs. 24 

Other expenses on production 

Rs. 32 

Us. 21 

Profits 

Rs. 22 

Rs. J5 


the quantities sold, and the widths are in proportion to -cost 
per unit, so that the areas of the rectangles are in proportion 
to the total proceeds in each case. iThese areas are sub-dividetl 
into their components, vis., expenses on raw materials and pro- 
duction, and profit. 


Dcfnilj of tost of tteo eemmediliex. 
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It should be^ noted that rectangles are the onlj- two 
dimensional diagrams which arc capable of showing three 
different factors. Squares and circles which are also surface 
diagrams do not enjoy this propert}'. Hence, the place 
of rectangles in diagrammatic representatioti is very 
important. 


ODw’o Dimensional Diagrams — Squares. 

When it is desired to compare quantities which bear the 
ratio of 1 ;ioo, bar diagrams fail to answer the purpose, since 
howsoever small the scale selected be, the height of one bar will 
have to be made 100 times as great as that of the other with the 
result that one bar will be too tall and the other- loo small. In 
such cases bars are replaced by squares. 

The side of a square varies as the square-root of its 
area. If, therefore, t\vo figures 100 and 10,000 are to be 
represented' by squares their sides would be taken in the 
proportion of \/roo; ViO-OOO or i : 10 and not in that of 100: 
ro,ooo. 

Table 39 gives the production of cane-sugar in four 
countries or 1938-39, arranged in descending order. Column 
2 of the same table gives the approximate square-roots of 
figures given in column i. Column 3 contains numbers Avhich 
arc obtained by dividing the square-roots by 50. These 
numbers give the sides of the squares. They can be taken to be 
so many inches, cms. or any other convenient measure of length. 
Inches arc generally preferred. The four squares in Figure 8 
are made to rest on the same horizontal line with equal inter- 
vening spaces between them. The squares show the propor- 
tionate differences, though it needs a practised eye to detect 
them. 
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i ble ProducMu of ion mgarjor 1938 39 


LoJiilries 

Qum ds 

tXlOO 

onwtel 

1 

r Kfi, 

Sik-s of the 
squares m 
inches 

3 

j Ind a 

o 


lOp 

2 Null Irl U 

a 1 e> 

yj27 

079 

5 Hawaii 



058 

4 Columba 


?u 

014 


ll \mU bt seen ihai •: ak is p\m alo\c the squares in 
F gures 8 l<t us «« how ih s <ca!e is calculaieJ 'The side 
of the fiT<t square relatmg io Inda j> 1 Oj inches Tht 
nrea 0! the square is 1 ic»2> «quare inches It repfesenis 
8 7^00 000 quintals Therefore 1 q inch rjpre«ent4 5^9^0000 
quintals nearU This is the «<ak to which the 'quarts hate been 
dTfcWn in Figure & 

tone sugar frcdi cfiwj m ccrta.n couHtrKs 1938-39 
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capable of being divided into parts, the total may be shown by 
a square and its components sub-divided in it as they are sub- 
divided in rectangles. This method Avould not require mucli 
space, and would, at the same time, render comparison of 
proportions eas)^ For instance, given the area of the world and 
? of the several continents, the area of the world may be represented 
by a~square and the areas of the several continents by its 
rectangular sub-divisions. The square may be sub-divided 
horizontally or vertically. 

Squares require much time and labour to be drawn 
accurately. They may therefore be replaced by circular diagrams. 
Circles take less time to be drawn, and can be drawn sufficiently' 
accurately. 


Circular Diagramia — Circles. 

The area of a circle varies as the square of its radius. 
If the radius of a circle is twice that of another, its area 
would be four times the area of the other. Similar is the 
case with squares. If the side of a square is twice that of‘ 
another, its area v/ould be four times the area of the other. 
It follows that if the radii of several circles are m the same 
proportion as the sides of the squares, tlie areas of the circles 
would also be in tlie same proportion as the areas of the 
squares. Therefore, the same quantities may be used either 
as the radii of several circles or as the sides of se\eral squares, 
without resulting in any' difference in their comparative 
study. Thus the squares shown in Figure 8 may be replaced 
by an equal number of circles whose radii ' v.ould be the 
same quantities as represent the sides of the squares. Besides, 
circles are more attractive to look at and, in many cases, 
more effective to compare than squares. The case with w'hich 
they' can be drawn is another adrantage of circles. Therefore. 
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oS figurcb JO column arc Risen in column (j) These 
square-roots maj be taVwi as the radii of the ci-clrs, but «»ice 
lhe> are too big to be shov.n in mebrs or ans. thc% are 
disidcd b) 21 The numbers thus obtained are shoicn m 
column (4) They sUnd for radii m inches, and Kise been 
iiseii m drawing the orcles m Figure g The circles arc 
arranged m descending order The proportions of produc 
tion of ginned cotton m different countries are comparable at a 
glance mterprcling the cirdes m Figure Q «e should not 
sa> that production of ginned cotton is the least m Argentine 
in the world, since there nay be seseral other countries, not 
shown in iht diagram, whsch roa> base still less production 
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All that can be said is that among the five given countries produc- 
tion in Argentine is the least. 

Product ion of Ginned Cotton in certain countries. 

t.Sj.in = (4^24-500 quintals- 
Scale 

, -I - f 

tnchts 



INDIA 


CHINA 



PSHU ARGCNTtNE 


BMZiC 


Fig. 9 


Angular Diagrams — Sectors. 

Just as a rectangle or a square can be sub-divided into 
its components, a circle can also be divided into sectors to 
represent the parts of a total. The method of circles and sectors 
is to be preferred to that of sub-dividing a square, because 
of the suggestive and attractive character of sectors and circles, 
and also because of the ease with which they can be drawn. 
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Table 41 givc^ the area undtr food crops cullitalcd in 
195040 'O the Lmtcd Trovinces and the I’unjib 

Table 41 /Ifca irndcr food crof's *« the V P ond llu P«n;ob 
193940 
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19* 
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jW 

! 

44* 

2J13 


pulji» 

1 C31) 


68* 

t'>31 1 


Toliil 


1 

360* 

1 

1 £05 300* 
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Tigure 10 TCiTe<enis the data g»\en m tlbk 4I Iwo 
circles arc dtavni one for area oroJvr »ou\ iood-crops in the \J I' 
'ind the other for area under thv same crops in the Punjab 
such that the areas of llte two circles are m proportion to the 
areas under food crops in the two prosmcvs Their radii are 
in the ratio of y3S Vaos To divide these rircJes into 
sectors the principle to note la that the areas of the sectors 
should be proportional to the areas under different crops 
biovv the areas of the wcttiis are proportional to the angles 
at the centre Therefore 360° the lot-il number of degrees 
containctl in a circle are to be divided into proportional parts 
to get sectors of the required areas 38 and 20^ m the 
example under consideration arc put dou-n a« equal to 360° 
^nd by the simpk rule of three the number of degrees 
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contained by the angle of the sector reprcs^cnting the area 
under any crop is calculated. Thus, the angle of the sector for 


Area under different food-crops in the U P. and the Punjab 

tSq.h » ZB.OQ, 000 acres 

Scats 



U P 

Note. ^Figures inside tho scitors stand for degrees 

Fig. to ^ 

Area under rice in the U. P. is equal to ^ X 360= 76° nearly. 

SimiiaiU’’, angles of other sectors standing for other crops 
in the two provinces arc found out. I-Iaving determined 
the angles of difterent sector.^, we show them at' the centre of 
arcle The process would be to draw any radius in a circle, 
and taking it to be the starting point, to mark off the requisite 
number of degrees on the circumference with the help of the 
protractor, atlB then to draw' radii from these marks to divide 
the circle into requisite number of sectors. 


It should be noted that we have proceeded with approxi- 
mated figures in calenilating the angles of (he sectors and not 
with actual figures. The oiftcrcncc Ixtween angles found 
by using the correct and the approximate figures would 
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be m«ignificani and immattnal for dll pncUcal purposes 
1{ greater aectirac) is desired ihe direct method svhere actual 
figures are u^ed ‘•hould be adopted 


Scale js gi\en at the top m Figure id Its calculation 
does not invohe any difficulij The radu of the two circles* 
are in the proportion of •\/ 3 ® V^oa that is G J 4 5 We have 
taken 2 03 inches as the radius for the circle for LT P , and 
1 5 inches for that for the Punjab The area of a circle is 
equal to ^ therefore the area of the circle for the Punjab i» 


equal to square 


inches It represents 


_ 02 OD.ODO acres Therefore 1 square inch reptcscnis 
2800D00 acres This is the scale to which arclcs haie been 
drawn In Figure 10 coenpanson of the areas under all food 
crops m the T. F and the Punjab can be made at a glance 
bv looking at the two circles and comparison. o£ the areas- 
under different crops can be made b> a glance at the sectors and 
their angles 


If the components of a total are loo jnan> too many 
sectees w* V-e lequirrS \o represent them The circle v-ill 
in <uch a ia«e become complicated and fose ns effccUi eness 
Id order to atoid it figures below a certain quantity me) be 
grouped together so that the number of sectors mar be reduced 
10 manageable limit 


In Figure 10 it will be seen that in the circle represent 
mg the area under food-crops in tK U P the s>»nors are ar 
ranged m order of magnitude This arrangement has the ad 
vantage that eren if TmmAe differences m ar<ns for different 
crops are ignored in the calculation of the angles of the sectors 
ihej will be clearl) indicated bj the order m which the sectors 
kcut in the circle Tor in^ance the areas under nee 
and wheat in the U P arc tcspeetireb, 7764D00 and 
8105000 acre« The difference ts vtrj ln!e and has to be 
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ignored in the process of cslculHting Ac degrees: of sectors, 
but this difference is, accounted for in the circle by placing 
wheat before rice.. Similarly, the differences between tire 
figures - for jower, fio/Vfl and maiae are so slight, that they give 
equal degrees for their sectors', but by placing bajra before 
jowan, and jowar before maize the fact that although their 
degrees are the same their magnitudes are in the order in 
which they have been arranged in the diagrain is made 
clear. Again, it will be noted that the arrangement adopted in 
the second circle, namely, that for the Punjab, is just the 
same as that in the first circle, the reason being that only in 
tills manner would proper comparison - hetweeti areas in the 
two provinces under the same crop be made conveniently. 

It follows, therefore, tliat when only one circle is drawn to 
represent components of one magnitude, the sectors in it should 
be arranged in some order—ascending or desceniiing — and, when 
two or more than two circles are draivn, the sectors should have 
the same order in all the circles. 

■ It is, no doubt, theoretically possible to use circles and 
sectors for showing the distribution of different incomes 
over different items of expenditure; but in practice it is not 
done for two reasons. Firstly, it is easier to draw sub-divided 
rectangles than to draw sub-divided circles, for tlie calculation 
of angles of sectors involves considerable labour. Secondly, 
the heights of sub-divisions of a rectangle are measurable on- 
tlie scale showing percentages, and are, . therefore, comparable 
directly in percentages ; while the sectors of a circle afe 
comparable directly ; in terms of - angles and only iridif ectiy 
in terms of percentages. ; Therefore, rectangular diagram; is ; to : 
be pfefen;cd for, presenting, family budgets to circular diagram. 
Circle dfi'ided into sectors, ■ however, is -a good • diagram 'for 
showing .tire distribution of .world population into various 
continents dr of world area into areas for different continents. 

F 21 
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Three Dimensional Diagrania — Cubes 

When quaniitics which Iwe tlie ratio of i >ooo art to 
be viiagtaninuucally r^prc’^cntcii, even squares and arc{« to 
sa> nothing of bars fail to serve the purpose for if circles or 
sf^iurcs are drawn in such a case their radii or side* will hat"” 
to K lit ratio of i 32 which dimensions arc difficult to 
show on the same scale In cases like Uus surface diagrams 
such as squares and circles art abandoned in favour ot 
voluim diagrams or three dimcn lonal diagrams, such aS 
cents blocks spheres cubes etc Of cour e cubes arc the 
eas est to draw and are general!) used. The sides of cubes 
arc equal to the cube root of the data to Ik presented The 
sides of two cubes representing 1 and 1000 wiU be m the pro- 
portion of V i V~ibcio or I 10 Cubes slodld be u«cd 
onlj m those cases in which tlie data cannot be adequately pro- 
'tilted through bar or surface diagrams 

Tabic 4a gives the production of tea m certam provinces 
u! India and Coorg The quantities giving the 
Table 4a Freduetton of T»« in some Pro wes of Indto and 
Coorg in 1939 


i Production 
Prov itices m 000 lbs 

Producuon 

fKcductd 

figuro) 

Cube 

roots 

Side of 
cube n 
j inches 

Ucngal I 

^ 1 12,290 

8G4 

96 

' 19 

Madras ' 

38871 ' 

1 -<19 

67 

13 

1 unjab ' 

2807 1 

1 22 

2.8 ' 

6 

Bihar 

M35 

1 


•4 

Coorg 

130 1 

' i 

' 1 

,2 
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productioii are very great, and therefore they are reduced to 
smaller ones by dividing each of tliem by 130, the lowest 
quantity in the table. Cube-roots of these reduced hgirres 
are then found out, but since the values of tlie cube-roots are 
sufficiently large, each of them is divided by 5 and the resulting 
figures, given in tlie last column of the table, constitute the sides 
of the different cubes. 

The construction of a cube requires explanation. Suppose 
the side of a cube is 1.9 inches, as it is in the case of Bengal. 
First, a square with its side equal to 1.9 inches is drawn. Then 


Production of T ca in 1939 in some Provinces of another square 

of the same size 
is placeed beliind 


l 7 :dia atid Coorg 

J 


Scale 

X 


Inches 




y Punjab 



it in such a way 
tliat a quarter of 
each of the two 
squares just co- 
vers each other. 
This being done, 
the correspond- 
ing corners of 
the two squares 
are joined and 
the construction 
of tlie cube is 
complete. In 
Figure ii, the 
method of con- 
structing the 
cube is given se- 
parately. Figures 
X and II show 


the position of hvo squares ABCD and abed having equal lengths 
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of their sides abed is placed cftcr ABCD m Tigurc HI m such a 
manner that ad and dc are bisected by AB and BC ad and dc are 
then rubbed off, and the corresponding points A and a, B and b 
and C and c are joined The sides to be rubbed off are shewn by 
dotted Lnes m figure 111 AtK^ba is the required cube 

In this marmer all cubes have been drawn m Figure it to 
represent the data gi\en tn table 42 Thc> are all drawn on 
the same scale and are therefore comparable with one 
another 

Pictograms— Slap and Pictures. 

The dcMce of pictures is — being profusclj used now for 
comparing statistical data. One comes across pictonal re 
presentation of facts \er> often in coM>peratis*c courts of 
vanous exhibitions held in the counirj Tliey arc also being 
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very mucli used for effective propaganda purposes. The reasons 
for their coming into popularity arc not far to seek. They 
present dull masses of figures in interesting and attractive manner 
through objects of daily observation. The image of the entire 
data is fixed in tlie mind of the obser\-er by a mere glance at the 
picture. Relationship between figures and their comparison can 
be studied through pictograms much more easily than by studying 
huge mass of numerical data. 

Figure 12 shows the density and distribution of popula- 
tion in India by religion. • It shows two facts at one and the 
same time, vis., it shows tlie densitj’- of population in different 
provinces, and it exhibits the proportions of people belonging 
to the prominent religions of the country. From a study of 
the map it will be found that the total number of marks for 
different religions for the Punjab is 18 whicli means that the 
density of population in the province is 180 persons per square 
mile. Out of these 18 marks, 6 stand for Hindus, 10 for 
Muslims and 2 for Sikhs. Hence out of 180 persons per 
square mile in tlie Punjab 60 are Hindus, 100 are Muslims and 
20 are Sildis. Christians and otliers being insignificant. It 
will be seen in tlie map that the mark chosen for each religion 
in itself corresponds with the sign of tlie religion concerned, 
e.g., the Swastika for the Hindus and tlie Moon and the 
Star for the Muslims. This enables us to compare at a glance 
the proportions of different religions along with the density 
of population. Instead of using religious signs we could have 
put down t3Tpical human figures representing people belonging to 
different religions. Of course, the size of the map would have 
been larger, but at the same time tlie figure would have been 
more interesting and attractive. 

Figure 13 contains pictures of two money bags, one 
showing the expenditure on industries and the other tliat on 
police by the il provincial governments in India in 1940-41. 
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The cxpcn<Jitun-5 are rcspeclnclj Ux U 5 l»hhs and I12O lakh? 
The mont) bags are not draun ai random Thej arc cnclo't-d 
m squares whcxc areas arc m the prtjportion of 115 1120, or 
whose sides arc in Ihe proportion of Vns \/ii20, or 1072 
3347 or i 3 approxiinalclj \ mere gUnce al tlie bag' enabl<« 
a comparison of the amounts spent on the heads of industries and 
police by prcmncial go^cmmeitts in India 

The monn bags could ha\c been pbceti inside tars, of 
rectangles whose width may hare been equal and heights irt 
proportion to the amounts But then the sliapes of tfic bags 
would lia\e looked unnatural and itisictd of being attractive 
the pictures would luve become repulsive. Great caution i» 
vlvercfoTe, ncc«>4TN in ptOAMing Matisweal data m ^wcronal 
fonn. Pictures cannot be u'cd uidi<cnminattly Serious though' 
must be devoted before using them, lest they might look unnaiunl 
or ndivulous or mis represent the data. Pictures arc umwII 
enclosed in squares, circles or rectangles for the reason iKnt 
tt IS not possible to calculate iht surface area i)f jncturi' The 
ynctUTcs of the bags lor example arc vcfv irifgular so llun their 
areas cannot be msilv tleurmuw .4 T”hc> haw therefore been 
put into squares 

Puhgram sh-r^>ng .xpcrdi'iir,. of jhc Kinm/rcntncnl 
gcnenwienlt «i fiidui i» 1910-41 on /nfcirrur ami Pohec 
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General Riemarks. 

Several devices of representing statistical data diagramina- 
tically have been considered above. Forethought with regard 
to the suitability of a particular form in a given case and prac- 
tice in drawing diagrams are essential factors. Bars and circles, 
it will be found by experience, are the easiest to draw and suu- 
able for general use. A particular case, however, may neces- 
sitate a square, a rectangle or a cube. Attention, in drawing dia- 
grams, should alwa3'’s be fixed upon their neatness and on the 
precision with which tliey represent facts. As has been already 
said, continuous clianges over a period of time are best shown 
by graphs, and not by diagrams. Diagrams should therefore he 
used in representing spatial series. 


EXERCISES 


(1) What is meant by diagrammatic representation of 
facts? What is its importance? 

(2) How far is diagrammatic representation an advantage 
over statistical tables? 

.(3) What are tlie different forms of diagrams? Explain m 
detail the construction of any two of them. 

{4) What precautions are necessarj'^ in drawing a good dia- 
gram? What is the test of a good diagram? 

(5) What mistakes are generally found in diagrams? 
How would you avoid them? 

(6) Show with the help of a few examples that diagrams 
can be wrongly used. 

(7) Write short notes on: 

Bar-diagram, pie-diagram, three-diamensional diagram, picto- 
gram. 

(8) What kind of statistical data are best represented 
by diagrams? Illustrate j'our answer with examples. 

(B. Com., Agra, 193/1 • 
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(9) Illustrate the following bj suitable diagrams — 

(а) In 1931 twelve sem of wheat could be had for on- 
rupce while in 1943 a rupee purchased onlj tivo-and i half seers 
of wheat. 

(б) 120 out of every iflcx> of the population of India were 


literate in Ic^I as against 95 ten )ear8 past 

(t) I n 

Pnce per unit of a commodity Rs lO Rs 12 

Quantitj sold 20 24 

Value of raw materials used Rs too Rs 120 

Other expenses of production Co , 96 

Profit 40 „ 72 


(to) Diagrams ate meant for a rapid saw 01 the relation 
of diuereni ^ta and th«r conipan«oo —Discuss 

Draw a ‘Bar or Pie* diagram to feprc<efit the foUwing 
data — 


Oulfut and Cott of Produ(t\on of Cool 


Cost per ton disposed commercially 

1924 

1928 , 

Wages 

12 74 

7-95 

Other Costs 

5-46 1 

45t 

Ro3-aIlies . . 

056 I 

0.50 

Total 

1S.76 ; 

12.96 

Proceeds of scale per ton 

1991 

12 16 

Profit (-*-) or loss ( — ) per ton 

”5 

— 0.80 


(M A., Agra 1940) 
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(ii) Represent the following data by suitable diagrams: — 
Electricity sold in India in 194041 and 1941-42 


, * 

1940-41 

! 1941-42 


units (000) 

1 units (000) 

Domestic consumption . . 

156,916 

138,301 

For offices and other uses 

103,503 

109,805 

Industrial Power 

1,373,631 

1 ,603,487 

Street lighting 

46,419 

, 32,563 

Tramways 

37,471 

46,315 

Electric Railways 

161,534 

315,223 

Miscellaneous 

60,880 

, 110,934 

Total units sold 

1,940,624 

, 2,356,628 


(12) The following figures relate to the postal traffic in India 
in 1940-41 and 1941-42. Represent them by suitable diagrams. 


Articles 

1940-41 

1941-42 


Number (000) 

Number (000) 

Xetters 

529,096 

541,528 

Postcards 

365,458 

413.096 

Regd. Newspapers 

78,535 

80,578 

Books and pattern packets 

110,703 

99,613 

Unregistered Parcels 

3,324 

3,426 


(13) The following is the distribution of scholars in 
institutions for females in India in 1939-40. 


Assam ■ . . . 54,891 

Bengal . . . . 519,735 

Bihar . . . . 82,891 

Bombay . . . . 248,880 

c. p. .. .. 56,549 

Madras . . . . 452,059 

N. W. F. P. . . . , 18,977 

Orissa . . . . 19,878 

Punjab . . . . 202,180 

Sind . . . . 40,368 

u. p. .. .. 159,099 


Total . . 1,894,590 
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Reprcbu t the abo\t data by suitable diagnm 
(14) The followmg are tlte percentages of expenditure on 
education m 1939 40 for three provinces 


Sources 

1 Assam 

Bengal ^ 

Bilnr 

Govt hunds 

5464 

1 i 

1 3420 

2947 

Local PuncN 

13 00 

1 730 ( 

2839 

Tees 

2166 

42 70 

2804 

Other 'Sources 

to 61 

1580 

14 10 


Keprc'icnt the above figures by suitable diagram 
(15) Value of the imports of glass and glassware into India 
trom different countries — during the year 193J 33 

Tapan 42 lakhs of rupees 

Czechoslovakia 23 

tjirmany 20 

UK 13 

Belgium 13 

Othir countries 11 

I eprc«ciit the above figures by sii table diagrams 

(B Com Alld 1933' 
(i() Draw a simple diagram to represent the following 
laiislics relating to the area, uadec d.tffeten.t crops in India in 
‘933 34 and write a bncf note on the given data — 


Crop 


■Million Acres 


Ricc 

'\Vheat 

Towar 

Other fockl crops 

till scctU 

Cottons 

Oil r 1 hres 

1 wider crops 

Othir non foo<.l crops 



2M 


178 
r4 5 

31 

102 


39 


(B Com Cal i937) 
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(17) The following table gives the birth rates and death 
rates of a few countries of the woxdd during the year 1931 . 


Country 

. , Birth rate 

Death rate 

Egj'pt - 

44 

27 

Canada 

24 

1 1 

U. S. A. 

19 

12 

India 

33 

24 

Japan 

32 

19 

Germany 

France 

16 

18 

II 

16 

Irish Free State 

20 

14 

United Kingdom 

16 

12 

Soviet Russia . . 

40 

18 

Australia 

20 

9 

New Zealand . . 

18 

8 

Palestine 

S3 

23 

Sweden 

15 

12 

Norway 

17 

II 


Represent the above figui'es by a suitable diagram. 

(B. Com., Luck., 1938)- 

(18) The following table gives the details of monthly ex- 
penditure of three families : — 


Items of Expenditure Family A Family B Family C 



Rs. As. 

Rs. As. Rs. 

Food 

12 0 

30 0 9 *^ 

Clothing 

2 0 

7 0 35 

House-rent . . 

2 0 

8 0 40 

Education . . 

I S 

30 12 

Litigation 

I 0 

CO 40 

Conventional necessity . . 

0 8 

30 60 

Miscellaneous 

I 0 

4 0 23 

Represent the above figures bv a suitable diagram. Which 

family is spending the money most wisel}'? 

Give reasons. 

(liLA., Alld., 1937 ). 
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(19) Ihe following table gives the clcUils of the cost of 
tonsuuction of a bouse w AUahaW — 

Rs 


4500 

jzsoo 
2€y» 
ificn 

§00 
800 
600 
200 
I 300 

suitable (Ingram 

(B Com AUd 194O 
(-Ki) Represent the following bi subdivided bars drawn 00 


Land 

Labour 

Brichs 

Iron 

Timber 

Cement 

Lime 

Stone 

Sand 

Other things 

Represent the abo\e figures b) 


I roceeds per chair 

1933 

Rs 

13 

"i'938" 

Rs 

12 

1^0 

R$ 

20 

Costs per chair 

Wages 

7 

7 

lO 

Other costs 

as 


6 

Polishing 

10 

J s 


~5;otal __ 

Profit or loss per chair 

_*3 5 
—1 4 

J2J 

— S 

iCs 
+ Ll 


i’fOdMciion of Coflort in Eg^ft 
191J— la 3111000 tons 

19*4 — 15 6450000 tons 

tgiS— 19 10873000 tons 

{22) Following are the figures of the population of the 
various countries of the world and of total world population m 


Country 

China 

India 

USSR 

USA 

Germanj 


Population 
(ooos omitted) 
41 1 770 
352 370 

t6l DOO 
124070 
64776 
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Country 


Japan 
V. K. 
France 
Italy 
Others 


Population 
(cxxi’s omitted) 
64,700 
46,677 
41,860 
41,100 

705.077 


World . . . . • 2,012,800 

Represent the above figures by a suitable diagram. 

(23) Illustrate the following data diagrammatically : — 
Area in (000) square Kilometers of the contine}its of the world. 


Continent 

Asia 

S. America 

Africa 

N. America 

Europe 

Oceania 

Others 


Area 

41,900 

40,687 

29,946 

^ 9/653 • • 
11420 
8.550 
2,764 


World . . , . 154,926 

(24) Represent the following figures diagrammatically 

City Females per 

1,000 males 

Calcutta . . . . 464 

908 


Madras 

Lahore 

Lucknow 

Banaras 

Peshawar 

Tiimevelly 


596 

516 

781 

708 

1,068 


(25) Show diagrammatically the balance of trade in cotton 
piece-goods from the following data. 

Exports 
million yds, 

I 939"40 . . . 221.3 

1940-41 , . 390.1 

i94t"42 . . 779-4 


Imports 
million yds. 

579-1 

447-0 

181.5 
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Also show m separate diagrams 

(a) the proportion of exports and imports to total trade 
m 1941 42 


(b) the proportion of ecports to imports m 1939*40 
(^6) Represent the following by a suitable diagram 


Pnnapal Heads of 

*93^39 

1939 40 

Re\ enue 

Lacs of Rs 

Lacs of Rs 

Lusioin 

4O3O 

4588 

Central Excise Duties 868 

652 

Corporation Tax 

204 

238 

Taxes on Income 

1374 

1420 

bait 

812 

1080 

Op urn 

50 

46 

Other Heads 

II 2 

130 


(B Com 

Nagpur 1943) 

7) Draw suitable diagrams to represent the following 
rmaUon ~ 

fa) Town 

Literate Illiterate 

Total Population 

A 

ifloo 9000 

10000 

B 

160000 200000 

360000 

Factory ^\agei, 

MitenaU Profits 

Units Produced 

Rs 

Rs Rs 


A 2000 

3000 1000 

1 000 

B 1400 

24<» r 000 

800 

Show al«o cost and profit per unit 



(B Com Agra 1943^ 
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GRAPHICAL PRESENTATION 

Diagrams and maps discussed in the preceding chapter are 
particulaily suited to the comparison of variables spread over 
different places or different heads at the same lime, that is, they 
are useful for representing spatial series. For illustrating series 
spread over a period of time and also for illustrating frequenc}^ 
distributions, graphical methods are made use of. In this chapter, 
therefore, we shall discuss 

(1) Graphs of Time Series showirig contiiruous changes, and 

(2) Graphs of Frequency Distributions. 

Diagrammatic and Grapliic Presentations Contrasted. 

In the diagrammatic method bars, rectangles, circles etc. 
stand for quantities individually or in groups. In the graphical 
method quantities are not represented by one or more dimensional 
figures, but are located on a surface with respect to two or more 
dimensions, for which purpose a system of reclangular co- 
ordinates, sucli as that given on page 336, is used. 

Two straight lines x x' and y y' intersecting each other 
at right angles are drawn. The horizontal hire is the a'-axis or 
abscissa and the vertical line ■the y-axis or ordinate The 
junction of the axes at 0 is known as the point of origin or 
zero. Distances measured towards the right or upwards 
from the origin are reckoned as positive, and those measured 
towards the Ipft or downwards as negative. All points in the 
plane, ie., the four quadrants into which the graph is divided, 
are located by reference to two co-ordinates drawn parallel to 


335 
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The scales ol measurLment on the axes ma> be ch^en at 
con^en.ence There is no necessary connection belivcen 
A Rrc'aafUtar 

C« onhnol« 



V 

14 


the X and the j «caJe« In Figure 14 the scales of r and 5 axis 
are equal and the points P ^ S have been located as 
follows — 

Point X y 

P +6 +2 

Q +3 

K. — 4 — 5 

S +4 — 4 

The co-ordinates on the points are indicated by dotted 
1 nes But the dotted Imes need not be made \nsible, onl) 
the point should be shown In practice graph jiapcrs vvhich 
have a nei work of fine bnes, ate used for graplucal presen. 
tatioiL By using them the necessity of drawnng lines is 
dispensed with 

It u evident from the above that to locate quantities in a 
plane bounded bj the x and the y axes m the manner illustrat 
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ed in Figure 14 is not thei, same thing as to represent them by 
bars, squares, rectangles, etc. The latter are themselves drawn 
proportional to the amounts which they represent. 

All truly continuous series are pro'perly presented by 
graphical as distinct from diagrammatic methods. Graphic 
methods are more powerful than diagrammatic ones in so far as 
they not only present the facts effectively but also bring to light 
new relations that may not at first sight be visible from a study 
of the quantities themselves, for instance, we may determine 
through graphs whether phenomena arc connected or independent. 

GRAPHS OF CONTINUOUS TIRIE SERIES 

Rules for drawmg Graplis- 

A continuous series may be measured (i) in time, or (2) 
in space, or (3) be represented by frequencies of a variable at 
the same time or place. We shall first deal with the graphical 
presentation of the first type of series, vie., time series. 

Time series is also called histCrical series, since it stands 
for the numerical record of the changes in a variable during 
a number of' successive! inten^als in a period of time. The first 
problem to be considered in drawing a graph of such series is 
the choice and adjustment of scales. 

t 

Choice and adjustment of scales. — A system of rec- 
tangular co-ordinates as illustrated in_ Figure 14 is used to illus- 
trate time series. Time units are placed ^ on the abscissa or x- 
axis, and the sizes of variable measured on the ordinate or y- 
axis. iSince time has no zero, the horizontal scale need not 
begin with zero; the first time interval may be indicated near 
or away from the point of origin or o. The A‘-axis should be 
divided into equal parts, each of which should represent 
periods of equal length. The vertical scale should begin y^ith 
zero when sizes of variable are shown on it, since they are 


F 22 
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alwa>3 (xkoneil from lero Lqual «patc units on th« 7 axis 
should represent equal THKninU when natural scale is Used 
and equal rates of change when ratio scale is used Just now, v.c 
shall be concenu-d with the natural scale 

\Vliat should be the iiroporlioit betweat the abscissa and the 
ordinate scales^ Bowley «lates the problem and the wa\ m which 
it should be soKcd as follows — 

It IS difficult to U) down rules for the pro\<cr choice 
of the scales b> wh eh the figure should be plotted 
out It IS only the ratio between the honronta! 
and Atrtical tcaVs Uit need be considered Th* 
hgurc n«i t be uilaentl) small for the isholc of 
It to be Msiblc at incc if the figure is coinplcatcd 
rclaiing to a long <cn<.s ot years and taking num 
bets minute accutact must be samneed to tbts 
considcntion Supposing the horizontal scale do* 
aded the xertial scale must be chosen so that 
the part o( the line which «how5 the greatest rate 
of increase is well inclined to the «nial whicli can 
be tnanageil by making the scale sufficienlK small and 
on the other hand, all unportant Buctuations tnittt be 
dearly visible for which the scale mav need to be 
increased Any scale which satisfies both tiicse condi 
ttona will (idfil its purpose * 

Ihua the ^alcs choacn lould be such as would allow the 
full data to be prc^ictitcl on Oe graph would properly show 
the extreme fluctuations dnd would clearly bring out the 
dianges over the entire pinod from ilate to date The two 
scales selected will no doubt depend upon the Size of the 
taper still it should be orcfullv noted that if the Units occupy 
too much space small cliangcs m the size of A-anable will 
appear to be important fluctuations while if the units occupy 
too li^e space even large fluctuations would look ummport 
^ The respecuse scales wnD. it is obvious be different fot 
diSe^t data No one standard can suit all cases, jet, it Is 

’ hcraUy A Ifc 0/ Aiatutio) ij«o p 135, 
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desirable as a general rule, to have the ar-axis approxi- 
mately 14 times as long as tlic y-axis. 

Having decided the proijortion of the two scales, the ordi- 
r.atc scales should be divided into units such that they would 
be easily comprehended in Icnns of the rulings of the paper 
used. For instance, if the paper is ntlcd in futh.s or tenths, ten 
small squares should not be made equal to such an amount 
'’-s 435/. A given space should equal some multiple of ten or 
five, a.s 3000, 250, 25 etc. When tlic scale has been divided into 
units, the ordinate should be labelled in terms of the scale unit, 
I.C., at each equal space the value of it in terms of the scale unit 
should be put down. One should not try to fill up the scale with 
too many ilctails, and die putting down of each successive fre- 
quency' — or every frequency that is plotted — should be avoided. 

The natural scale is thus ready. We shall deal later with 
ratio scales and false base line. Presently, the problem of plotting 
the data is taken up. 

Plotting tlie data. — To plot the given data the method 
shown in Figure 14 will be followed. To plot tlie size of an 
item against a particular date, only a point placed on the ordi- 
nate concerned is enough. Thus when the whole data are plot- 
ted, there will be as many points on the plane as the number 
of dates. Since time is a continuous factor, these several 
points should be connected from date to date by continued 
smoothed lines, each point being simply a conventional stop- 
ping place. This continuous smootlicd line is called the curve; 
it shows tlie probable changes at all possible intervals of the 
entire period to which the data relate. This curve is also given 
the name of Historigram. This name must be distinguished 
from histogram into the construction of which the factor of 
time does not enter. But drawing a smooth curve requires, 
practice and skill which everyone does not usually possess. 
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An altcmatne which is commonh adopted therefore is that 
of connecting the points plotted straight lines* When the 
cur\u IS plotted u should be gi'en a short but aderjuate liUe 
indicating what u represents And u setera! curses are 
plotted each should be diffcreirtiatcil cither by using differcm 
inhs or by adopting some such dcsices as dravsing straight 
continuous line dotted line dot and bar line if using the same 
ink An explanation of whu the different inks used or lines drawn 
indicate in the histongram diould be separately gi\en in a 
comer of the paper as gi%eii in Tigurc i6 page J44 or the name 
of the factor represented mav be wnlten on the curtT itself if 
it does not spoil the figures as done in Tigurc 30 

Different Tjtics of Qraplis on the Isatural Seale 

The purpose of graphical presentation as that of diagram 
matic representation is comparison Comparison is necessary 
to liave a clear idea of the relationship of things in time an<f 
space The methods by whiA cotopanson m space is rendered 
possible have alrcad> been considered m the preceding chapte 
Here the purpose is to consider tl e methods by which ewnrot^son 
m time is made Our aim may be to study 

1 Changes of a single sanable over a period of time and 

2 Changes of two or more rariables 0\er a period of time 
These dianges can be studied on the Natural Scale or 

Difference Charts and on the Ratio Scale or Ratio * Charts 
1 irst we take up the natural scale, graphs On it changes 
of a Single variable are stubed through (i) Absolute luston 
gram and (2) Index histwigram And changes m two or more 
vamhles are aUo compared throi^h (j) Absolute hisfongrun-. 
and (2) Index histongrams In add uon to these we shall 
lake up a discuss on of a few other ways of drawing graphs for 
comparison of different variables and of the false ba«e line 

• la llatlifimt c» the term c«»ve mtlodM a sfraiaJit line 
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Absolute HIstorigram of one variable. — When original 
quantities, and not index numbers, are presented graphically, 
the resulting figure is called ‘absolute historigram’ as distin- 
guished from an ‘index historigram’ which relates to an index 
number series. In Figure 15, amounts of treasury bills 
tendered in India from w'eek ending loth February, 1942, to 
week ending 28th April, 1942, given in table 43, are shown. 
One small division represents on the ir-axis one week, and on the 
2,-axis Rs. 5,000,000. These scales give an outline which is 
neither too fiat nor too angular and shows the fluctuations 
clearly. Since all the quantities in table 43 are positive, only 
the north-east quadrant of the system of rectangular co-ordinates 
has been utilized. Only one variable has been treated 
in the figure and changes in its size are comparable through the 
graph from week to week. Thus, the amount of treasury bills 
tendered increased from Rs. 30,000,000 on 17th March, 1942, 
to Rs. 33,000,000 on 24th hlarch, 1942 that is, it increased by 
Rs. 3,000,000. 

Table 43. Treasury Bill Tenders in India. 


Week ending 

1942 

X 

. 

Amount tendered 

Rs. (000,000) 

y 

Feb. 

loth 

22 

ff 

17th 

28 


24th 

27 

March 

4th 

23 


loth 

24 1 

>» 

17th 

30 


24th 

33 


31st 

31 

Apr. 

7th 

30 


14th 

24 


2 1st 

27 

3 t ^ 

28th 

35 
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Index nistori{;rara of one %-8riaWe^\\Tini a lime 
senes cons sting o? index numbers is given « may be 
graphically presented m just the same manner as the senes 
cons sting of absolute or actual values In Figure sS an index 
histongram relating to the retail price of wheat m India is 
shown along with crtber cones An important difference 
between index histongram and absolute histongram is that 
the latter shows the actual value* and therefore studies the 
movement of absolute sizes of the variable from date to date 
while the former shows Uc index numbers and therefore 
sluies the percentage change on a particuUr date as compared 
with the jear Thus from Figure aS wc tan stud> that reU I 
pnee of wheat m 1877 was two per cent more than m jS/j the 
base year we cannot study tl e absolute amount of mone> b\ 
which the increment was effected 

Absolute ICsfongrams of two or more variables 
fHomogeneous tmlte)^If two or more variables measured n 
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the same unit are given, all o£ them can be exhibited on the 
same graph, with common vertical and horizontal scales. Figure 
i6 on page 344 shows values of monthly exports, imports and 
balance of trade of India for 1932-33. The three cur^'-es are 
drawn in the same manner as shown in Figure 14. It should 
be noted that since some of the values in the balance of trade 
series, shown in column 4, table 44, are negative, the eastern 
or tlie right half of tlie system of rectangular co-ordinates has 
been utilized. ^ 

Table 44. ^ Impoi'ts, exports and balance of ttade of India during 
1932-33. (In crores of Rs.) 


Month 

X 

Imports 

y 

Export 

3' 

Balance of 
trade 

y 

April 

13 

II 

— 2 

May 

12 

10 

— 2 

June 

12 

10 

— 2 

July 

II 

9 

•—2 

August 

II 

10 

— I 

September 

II 

13 

-f 2 

October ' . . 

10 

12 

- 1-2 

November 

II 

12 

-hi 

December 

10 

13 

+3 

January 

II 

12 

-hi 

Februar)’^ 

9 

12 

+ 3 

March 

II 



13 

'h 2 


In Figitre 16 (see next page) comparison can be made 
only of the absolute amounts of exports, imports and balance 
of trade, since the historigrams show absolute values. It will 
not be possible to compare proportional changes between them 
during the same period. 

Absolute BQstoiigrams of two or more variables, 
(Heterogeneous unitB). — ^If two or more variables are measured 
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m 

in difi'erent unit', ill ot them on be rxhibiteil cm tin. graph, 
but t\nlh difr.T.nt orihnate «calr. tht horizontal scale being 
common Tht orilinnc Mralcs will have to lie different for the 
simplt reason ihnt the \-amblcs nre nnl measured in the 
same unit With this difference onl) the cur\cs shall t>e 
prepared in ]ust tlu <amc manner as thev base been done in 

{ oluc^ 0/ Mont'tl^ tr/or/i linf^oris onj 
Ddaiie, of Trailc of tndut in 1032 33 
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In/clex Historigrams to compare changes of two or 
more variables. — In the case of absolute historigrams of two or 
more variables expressed in the same or different units, it has been 
noticed that only absolute sizes are comparable and it is not pos- 
sible to study from them whether change in the value of one vari- 
able from one date to another is similar to or different from 
the change in another variable during the same period. For in- 
stance, in Figure i6, it is possible to note that between April and 
May exports fell from Rs. ii crores to Rs. lO crores and imports 
from Rs. 13 crores to 12 crores* That is, in both the cases 
the fall is by an equal amount of a crore of rupees. But, is 
the proportional decline the same in both the cases? This in- 
formation cannot be had from tlie figure referred to. To com- 
pare proportional change, an easy way will be to reduce the 
given variables to index numbers on the sam^ base, and then plot 
index historigrams. From the curves thus drawn it would be 
easy to compare the proportional changes in relation to the base 
in the different variables during the same period. If figures relat- 
ing to exports and imports during May, to refer to table 44, are 
converted into index numbers, it is found that with April figures 
equal to lOO, the index for exports for May is 91, and that for 
imports for the same month is 92. Thus, it is possible to see that 
the proportional decrease from April to Maj"^ in exports is greater 
than that in imports. The fact that the absolute decrease in 
both, exports and imports, is the same in no way obscures the 
record of the comparative proportional change. In index his- 
torigrams it is advisable to draw a line parallel to the jr-axis from 
the point 100 on the ordinate, so that proportional change on any 
date from the base, whose value is put down at too, may be seen 
at a glance. 

But, as was noticed in dealing with index historigrams of 
a single variable, index historigrams are no improvement on the 
absolute historigrams if it is desired to compare different periods 
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in the ant sen s with regard to the relative changes iherejn, 
All mdo. nuiibcrs compiTe the dange Nvath the ba*>e >ear and 
not between themselves Therefore indcrc curves of exports 
and imports with April as the base in the exatnple under const 
deration shall exhibit the comparison of pTOjiortional change 
with Apnl <tud> of proportionate changes from i\iTgii-t to 
September or from December to January will not be possible 
The function of clearly exhibiting relative changes over periods 
of t me IS re'trval for loganthnic histon^rams which we shall 
studv later 

Methods of scale conversion tor comparing citanges 
In two or more vnnahles — li las been noted aliovc that 
when vanables are expressed in d fferent units or even m th-* 
same unit thev mav be converted into index numbers to com 
pare proportional changes relative to the base S veral mtlhods 

Table 45 VoUmu: and Value of Exf’Orts of foe from Irdta m 


42 

Month 

Volume 

V 

Value 

y 

Apnl 

May 

June 

July 

August 

September 

October 

November 

December 

Januar) 

February 

March 

Cwts. 

(000) 

80 

80 

96 

69 

32 

& 

23 

lO’ 

60 

49 

Rn 

(00000) 

34 

40 

SO 

j 5 

43 

48 

*9 

83 

61 

46 
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of comparing the differences betivcen fwo or more variables 
during a particular period are, however, available, 'rijese relate 
to converting one scale into terms of the other scales. Of these 
methods we talce up one below, which is particularly suitable in 
a case where variables are expressed in different units. 

The method is very simple. When two or more variables 
arc given, separate scales may be cliosen for different vari- 
ables, but each should be made proportional to the respective 
averages of each. Table 45 gives the volume in cwts. and 
value in Rs. of lac exported from India month by month 
during 1941-42. First, averages of these two series are computed 
which are, respectively, 64,000 tons and Rs. 4i,ooo.'^'^^These 
average values are plotted in Figure 17 on two separate 

Volume and Value of Exports of Lac from India hi 1941-42. 

VOLUME VALUE 



AprfincyJme July Dec^j^ fS. Mar. 

ITg. 17 

vertical scales in such a way that die average values of the 
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nvo i t r<.pri.»<.med by the sjmc position on the >trtical 
'tiUs \iur tbe ‘crles ha>e been \bu» aiijvisTcii, \.be ol 

liu \ari »bks are plotted E-tch ol the two curics «houUl U. read 
m arms of US own scale 

One difference between this method and the method of 
index historigrams discussed abote la that m this ratihod actual 
art plotted while in tlie othtr mithod value* nlative to 
thi bANC vtar — index numlxrs — ire plotted In Figure 17 it 
IN f\ \ to compare the two tnts Niote Uku avenges le on the 
411 I ll K 

talse Base Line — In I igures I5 und 16 the -calcs on the 
ordnwtv Wgmmng from zero arc continuous while in Figure J 7 , 
tin uh IS brokui or diM.« nimu«ti« In Figure 17 we liavc used 
the fd (. Iw-e line 

In those cases in which the Huctuations nre sinall relatively 
to the size ol the variable and ihc insigiiificarice of these 
fluctuations is to be visualized, and m those cases where 
ad)ustTnent of scales is not oihervnsc possible (.as m Fig 17)* 
mstend of showing the entire vertical scale ftom aero to the 
h'glic't value involved only as much of u is shown as is 
ijvi sufficient for the purpose That portion ol the scale 
which lies between zero and the smallest STilwe of the variable 
IS omitted This has been done in Figure 17 and is further 
illustrated in Fgurc t8 which shows the index numbers of 
prices of Govcmmenl Securities dunng 193742 Tlie range 
of the Senes is 0 - 3 — icvt)=‘i9 and the fluctuations are smalb 
To imptvfj the«c fluctuations the vertical scale shown is only 
between the limits 103 and 124 On tins wide vertical 
scale the fluctuating movement m the pnce of Government 
Securities is brought into prtmunerux The fact that a false 
base line has been taken and the vertical scale is not shown 
m Its cmirgt> should alvrajs be made clear on the graph by the 
d^blc sawtooth Ime, as shown in Figures 17 awd iS or b> 
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some other 'device. If a continuous vertical scale beginning 
from zero and going up to the maximum value of the inde.x 

Ind^x numbers of prices of Governmciti Securities 
during 1937-42. 

maex 

Ntmbtr 



IS37 ma iTia iMt e*z 

Months 
Fig. 18 

numbers were used to plot the indices of the prices of Govern- 
ment Securities, a slightly waving line would have resulted 
and the fluctuations would have been quite inconspicuous. 
Similarljq in Figure 17 adjustment of the scales would not 
have been possible without resorting to the false base 
line. 

False base line should be used in rare and exceptional 
cases. It is always safe to show the zero line, for a correct 
study of the proportional dranges is possible only when the 
zero of the ordinate in the graph is shown and the height 
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r{ e\ery i>oint on the cune is slown m full lor exampl 
the projwrtion between two numbers too and 4O0 if txprcs'<cd 
in full above the zero Imo »s I 4 Cm if the vertical scale 
from 0 to 50 IS omitted each of the two figitris will be 
riiiiKcd b\ 50 If the horizontal line passes throu^H 50 thL 
^t■^pectlve magnitudes of thest two numbers above thi 
tvorvtowtal. Utm wvU be, S® whose ratio will not be 1 4 

but 1 7 Similarlv if the vertical scale is omitted from 0 

to 70 the two quantities lOo and 400 will be reduced to 30 and 
330 re'pectvveU above the base line fiassmjj through 70 of 
the vertical scale Their ratio will no longer be i 4 but would 
be change I to i ti Thus wrong impressions might be 
crtried m regard to proportions if a porVion of the vertical 
scale is omitted *e if n false b3«e Im is tvhen This would 
however not happen when the stgnihcance of the false ba«c line 
u kept m view 

Not infrequent!) people resort to false base Imc either 
lo economise space or for want of <p3cc Thereby they un 
consoously run into the error of maJ.ing fluctuations look 
Ivrger than they rcallj are Sometimes this is done del berately 
too Therefore while studying curves and commenting on them 
this fact must not be ignored 


Graphs on “Ratio" Scale 

So far we have been dealing wuh the natural scab 
graphs m whidv the j's are scaled vw proportion to their actual 
values We have seen that this method shows absolute mov-e- 
ments in statistical senes but fads to cxlnb t relative move- 
ments m their proper perspective. The importance of the 
study of relauve changes m economic investigations is grow 
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hig. To study relative changes the Ratio scale or Logaritliinic 
scale is employed as an alternative to the Natural scale. 

Natural Scale contrasted with The difference between these 

scales is that u ilh the natural scale 
equal distances on the ordinate re- 
present equal absolute movements, 
while with the ratio scale they 
represent equal proportionate 
movements. ' 

Ratio Scale. — ^Ratio scale is 
based on geometric progression, 
while the natural scale is based on 
arithmetic progression. This fact 
is borne out in Figure 19, which 
compares the natural scale with 
the ratio scale. . 

The importance and usefulness 
of the ratio scale can be very 
easily seen. Let us suppose that 
the population of a certain town 
increased as follows 


Year 

Population 

Increase - 

1920 

200,000 


. 1930 

300,000 

50 per cent. 

1938 

400,000 

33.3 per cent. 

The -absolute increase 

in the two 

periods under study is idea- 


deal, that is, 100,000 in each case, but the proportional increase 
differs, for in the first case it is 50% of 1920, and in the latter, 
of 1930. If then, these population figures are plotted 
on the natural scale, tlie increment in population (100,000) in 


Ratio Scale. 


riafurdor ferunlye or 
odfirmt Paho Scale 

-^320 3200 32000 


,160 iSOO (6000 


zo\ 


so 800 8000 


40 AOO 4000 


\20 200 2000 


to >00 (000 

Fig. 19 
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each cT««. will be shown b> equal distnncc*! on the vertical scale 
lbcr<.b\ kidmg to the conclusion that the mcremciUs f>etwe**n 
1 -) 0 111(1 i<)io ami Ivetwcin 1930 anil 1938 were equal. Uiit the 
1 t u graph will indicate that the increase took place M the nte of 
5)*c and 33i*^ respectively 

Logarithmic Cunes.— llaUs of changes ma) be graphi 
call> presented in either of two wavs 

(i) by plotting the logarithms of tbc amounts on a 
natural scale 

1 2) b) plotting ihe amounts themselves on a loganlhmic 
scale. 

In the formcT tnEVhod logarithms of the variable to b« 
plotted on V axis of the aatural sole graph are found out 
plotted and joined by straight lm«{s to result in the required 
kgamhmic curve 

In the Utter meihoii logarithms of the % vnnablc are not 
found Rather the actual values of the vartabk are plotted on 
logarithmic paper which is ruled on the ratio «cale principle, 
illustrated in Figure 19 This method is more simple and easy 
than the former and has the additional ment of coinpanng actu.il 
values But if loganthmic paper is not available the former 
method has to be preferred 

lAigarithmic curve is also termed as 5 f»ni 4 oporj/A»»K- cunv 
for the Simple reason that one variable y, is plotted on ih'’ 
loganthmic scale, while the other vanihle x, remains on llie 
natural scale ' 

Table 46 shows how a sum of Rs 10 borrowed by A and 
mother sum of Rs 100 borrowed by B m 1934 increase at the 
rate of 20^ per annum compound interest being charged on 
t-olh the sums 

Figure 20 shows a graph of the two senes on the ttalural scale. 
From the figure it appears that the rate of increase m senes B is 
more rapid than that m senes A This, however, is not the case 
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Table 46. Increment of of sums of Rs 10 and Rs. 100 at 20%. 
p. a compound interest. 


Year 

A 

B 


Rs. 

Rs. 

1934 

10 

ICX) 

35 

12 

120 

36 

14.4 

144 

37 

17-3 

172.8 

38 

20.7 

207.4 

39 

24.9 

248.9 

40 . 

29.9 

298.5 

41 

358 

358.2 

42 

42.2 

421.6 i 


Sums of Rs 10 and Rs 100 rising at compound 
interest on the Natural Scale . ' 

Amount 
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■as IS shown m Figure 21 m which the two serjes are drawn on the 
rofio chart The cunes i\ and B m the figure nin larall"! to 
each other and this clearly brings out the fact that the rate of 
mcrcasi m both the senes i» identical 

It will be seen that the curves in Figure 2t have been drawn 
according to the first of the two methods di cussed above tu, 
b) plotting the loganihais 01 th'* two vanaWes agamsi lime on 
the natural scale graph p.ap».r Ins ead it logarithmic paper liad 
been used and actual items were p o ted on it the resulting cuhts 
again would have run parallel to each o her md eating a uniform 
rate of increase 



Instructions for reading of Logarithmic Curves— The 
following general rules will help the read ng of loganlhmic 
histongranis — ■ 

I If a curve rises upvards the rate of growth 
creas ng (c/ Figure 2i) 


IS in 
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2. If a cun’e is falling downwards, the rate is decreasing. 

3. - If a cupv'e is ascending but is nearly straight, tlie magni- 
tude it represents is growing at a nearly uniform rate. 

4. If a curve is descending but is ncaily straight, the 
magnitude it represents is decreasing at a nearly uniform rate. 

5. If a curve is a straight line the rate of change is uniform 
or constant, (c/.. Figure 21). 

0 . If a cur\'e is steeper in one portion than in another 
portion, the rate of change in the former is more rapid than that 
in the latter. 

7. If two curves on the same ratio chart are found run- 
ning parallel they represent equal percentage rates of change 
(c/., Figure 21). 

S. If one curve is steeper than anotlier on the same ratio 
chart, the rate of change in the former is more rapid than that 
in the latter. 

When comparison is made between percentage of increase 
and percentage of decrease directly, it is essential to remember 
that a loss of 50% is not made good by a gain of 50%, but by 
that of 100%. Great care should, therefore, be exercised in 
comparing increases and declines on ratio charts. However, 
if increases are compared with increases and decreases with 
decreases no such caution is required. 

Advantages and disadvantages of Eatio Scale . — K 
ratio scale has no zero since it compares relative rates of change. 
A natural scale has a zero because it compares absolute values. 
Consequently, zero line is necessary in the natural scale but not 
so in the logarithmic scale.- Since there is no zero in a ratio scale, 
there is no danger of fallacious conclusions being drawn from 
the graph. We have seen on page 350 how fallacious conclusions 
might be drawn from graphs drawn or natural scale whose zero 
line is omitted. ' 
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Ratio scale maizes extrapobtion— finding out a future 
probable figure— possible if the date are organic in cliaractcr If 
population figures of a certain countr> are given and arc plot 
ted on the ratio scale, the curve ina> be extended m contmua 
lion w ith Its trend beyond the last date to a next date to ob am 
thereby a fairly accurate estimate of wliat the next figure iS 
likely to be In Figure 21 the curves A and D showing the 
amount at compound interest have been extended in continua 
tion with their trends and it is possible to read from the dotte*! 
line that the amounts at compound interest m 1943 will b“ 
Rs 506 and Rs 506 2 respeciivch 


The logarithmic scale is «peciallv important m the ea«c 
of index historigrams. They should generally be drawn on 
latio scales because index numbers arc more concerned with 
1 roportionate changes than with actual ones Index numbers 
plotted on the natural scale convey false impression For 
example, if pnee index numbers for three successive years are 
too J30 and j6o each *ucceedmg number differs from the 
^preceding one by 20 This dilTcrence vvould be represented 
bv equal distances on the natural scale so that the nse w 
paces would appear to be equal But v change from 100 to 130 
implies an increase of 30*‘'« while that from 130 to 160 means a 
nse of 23 1/13 per cent Therefore the difference between 
the indices when plotted on the ratio scale would be shown as 30% 
between the first and the second vear and 23 1/13 per cem 
between the scond and the third year The percentage changes of 
the two periods will then be comparable Such companion 
It was pointed out while dealing with index histcmgrams drawn 
on natural scale*, is not possible when simple and not logarithmic 
index histongrams arc used Thus lognnihmic graph is verv 
Useful for relative compansons m point of time 


’ <■/ page Sie 
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■ ' Logarithmic graphs, however, have two disadvantages. 
Firstly, they are no good for comparison of the absolute sizes of 
different variables. Secondly, negative values cannot be shown on 
the logarithmic scale. It may also be added as a third disad- 
vantage that the ordinary reader is unfamiliar with logarithms 
and logarithmic graphs and is, therefore, unable to interpret what 
ratio charts really imply. 

General Remarks. 

We have studied the graphical methods by which continu- 
ous series spread over a period of time can be" presented and 
changes in a single variable or in two or more triable can be 
studied. It should be noted that w'e have taken no account of the 
study and comparison of short-time and long-time changes in a 
time series. It would be taken up in the next chapter. 

We have also discussed that the changes in a time series can 
be graphically studied in their absolute values through absolute 
historigrams, in their values relative to the base by ndex histori- 
grams, and in their proportionate values by historigrams — 
absolute or index — drawn on the ratio scale. We have, there- 
fore, studied the methods by which comparisons can be made 
in point of time. It is now proposed to deal with the graphical 
methods by which the statistical nature of frequency distributions 
can be studied. 


FREQUENCY GRAPHS 

Frequency distribution may be discrete or continuous. 
A table giving frequency distribution of a group presents the data 
in compressed form, but many people can normally appreciate 
tile relative sizes of a number of quantities more readily when they 
are graphically presented than . they can do by looking 
at a table. Graphical presentation may, therefore, be veiy well 
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emplojcd as an addition to the method of tabubtion m bring 
mg out the statistical nature of a group whether discrete or con 
tinuous 


Statistwal Ivatare of a Group 

In Chapter \ a good number of tables relating to frequency 
distribution of groups are found In all of them one character 
mi would be ohsened It is iliat frequencies nse up to a 
certa n maximum po nt and begin to fall after this point is reach 
cd Another point to be noticed is that this rise and fall shows 
certain regulartt\ The question that naturally arise is whethe 
tin regular nse and fill noted in tbi fiWes m Onptcr X is simply 
an arbtrary assumption a chanctensiic of the particuhr fre- 
qu nc\ d stnbutions referred to or a feature common to many 
%ar tics of phenomena It would be found that this feature i» 
common to many or most phenomena 

I^t us pick up a good number of leates from any tree a! 
random measure their lengths and tabulate the lengths in 
certain well-defined groups Or let us take a few rupee coins 
toss them and see how many times only one com fplls mth 
head upsvards how many times two fall in the same manner 
how many times three and v> on In both these cases it wnlf 
be found that the frequencies begin with small magnitude 
nse up to a certain maximum and begin to fall The former 
IS a case of natural phenomena and the latter that of pure chance, 
and yet the sise and fall of frequencies would occur in identirvl 
manner m both of them 

I,et us lake another example. Of the in students adnn 
cd to the BjV. class of a certain college m a particular year, 55 
students were picked up at random their heights measured and 
tabulated as m table 47 
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Table 27- Heights of 55 boys arranged in ascending order. 


Serial i 
Xo. ! 
1 

Height 

ni 

inches 

1 i 

j Serial 
No. : 

Height 

in 

inches 

Serial 

' ind^.i 

' 1 

Serial 

1 inches 

Serial 

Xo, 

^ Heiglit 

1 . 

' mches 

* i 

59 

52 i 

63.5 

23 

* 66 

54 

1 

07 

15 

j 68.5 

0 

“ I 

GO 

53 

1 04 5 

24 

CO 

35 

' 67 

46 

j 68.5 

n 


K I 

1 

i 

G4 0 

25 1 

1 66 

36 

( 67.5 

47 

I 69 

i 1 

C1.3 

15 

64 5 

20 1 

1 60 

1 37 

' 67 3 

48 

69 

5 

’ C2 

1 

16 1 

65 

27 

1 

j 66.5 

1 

1 

67.5 

49 

69 

0 

, G2 

17 

C5 

28 

j 66.5 

j 39 

o7.5 

50 

69.5 

7 

C2.5 

18 1 

05 

29 

66 5 

•10 1 

I 

i 68 

51 j 

69.5 

s 

1 62.5 

19 j 

03.5 

30 

1 66.3 

1 41 

68 

52 

70 

9 

, 63.5 

20 

j 65.5 

31 

1 07 

42 

68 

53 

70 

50 

! G3.5 

21 

i 05.5 

33 

67 

43 

08 


71 

11 

1 63.3 

1 1 

22 

65.3 

33 

07 

44 

! 6S 5 

55 

72 


From the table it will be found that (i) the height of 
67 inches is repeated the largest number of times, (2) as we 
|iroceed on either side of 67 the number of times each height 
is repeated is not only less than the number of times 67 
inches is repeated, but also the number of times each 
height occurs goes on falling, so that (3) a large majority of 
heights group round 67 inches. 67 inches is the modal 
height. 

From these examples we can deduce the following law 
which would apply to most other cases : Phenomena tend txi 
fluctuate about a noma known as the mode, and a large 
majority of items cluster round it. As the distance from* 
the mode widens, the items become fewer. 
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We can arruT at this coocJusJon graphically as avcII 
We may plot the array o! lengths of Icates or of the results 
of tossing coins We lave plotted in Tigiire Z2 the array of 
the height of 55 boys In this graph tve see (hat near the 
extremes the heights change rapidly while the fluctuations 
are not so marked in the middle We further see that llie 
mode IS 67 inches since the largest number of lines stand for this 
number m the figure 


^rmy of height of boyt of 17 y ars chosen 
at random 
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From Figure 22 it is very easy to locate the median and 
the two quartilcs. The line drawn parallel to tlie base from 
the height of the 28lh boy cuts tlie scale at 65.5 inches which is 
the required median. Similarly, quartiles can be located, as shown 
in the figure. 

Frequency Graplis for Discrete Series. 

T!ie simplest mode of illustrating a discrete series is 
the line or bar frequency diagram. Size of item is taken 

Line Frequency Diagram. 



rig. 23 

on the horizontal line and the frequency on the vertical 
scale. Table 21, page 194, gives a discrete senes which 
is graphically presented in Figure 23. Instead of draw- 
ing simple lines as done in tlie figure, bars of uniform thick- 
ness could also have been drawn to improve the appearance 
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of the figure The resulting figure \%ouI(I hn\e been called Bar 
rrfqueifcy Diagram Sizes of items should be as they are in 
the figure separated on Iht horizontal scale by sufficient blank 
<ipace so that the neighbouring lines imy become absofutely 
distinct from each other 

Frequency Graptis for ContiQuous Senes Histogram 

If in a senes the range that i> the dilTcrenee between 
the largest and the smallest itwns is \er> large and instances 
occur at a great number of points between the two extremes 
the above method of the line or bar frequenev diagram i* 
not suitable to foUow for it is impncttcable to place a Imc at 
each measurement In such cases the data must be divided into 
classes and each chss treated as a whole Tabic 48 gives «uch 
a c assification of the data relating to the height of 55 boys gfiveri 
in hblc 47 

Table 48 Priquancy dislnbtihon of ihc heigh of 55 &ojr 


Height in inches 
(size of item) 

No of bojs 
(frequency) 

59— 


61—63 


63-65 


63 67 


^-69 

.6 

6q-7l 

8 

71—73 

r 


This frequency distnbubon can be illustrated by the 
Tectangular diagram or histogram as shown m Figure 24 
The histogram is composed of 1 set of reflangles one over each 
class interval on the honrontal scale The heights of the 
rectangles are m proportion to the frequencies m the class The 
area enclosed by the hisle^ram is bounded by the lines of the 
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ordinates, the base ^inc and the parallels to base line at the top 
of eadi class-interval. 

Histogram rcprcscnynig the heights of 55 boys. 



Tig. 24 

The rectanguar histogram has a few characteristic features 
The series of rectangles in the figure illustrates fairly accurately 
the relative size of the various groups. The entire distribution 
of frequencies among the several classes becomes at once visible. 
The histogram is a better representative of the height of 55 
boys actually measured than any smooth curve (Figure 25) would 
be, although the smooth curv^c would be a belter representative 
of the heights of in students. 

The total area of the rectangle erected on each class- 
interval is exactly equal to the number of frequencies in that 
class, the unit of area being measured by a rectangle one 
frequency unit in height and one class-interval in width. 
Thus tlie area of the figure equals the total number of 
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frequencies These t«0 are, no doubt, signiBlMt facts of tb' 
rcciargular Inslogram, but jt iS not without its delects 

One defect of histogram IS that different groupmp uonld 
cue different shapes ft the class luters-als m table 4» 
inade narrmier, the steps m the histogram uould dKtease 1 
Size SecondK, it suggesU. for instance, that there are 

a students each ) ,. c , 6o inches high, 6 students fc 

inches high and so on As a matter of fact, each group 
consists of boss ha\ing different haghts and therefore e 
rectangular presentation is misleading To do awa> 'vii 
these defects a sjstem of smoothing the histognun has to 
devised 'o that a curve as entire data as P®*** 

may result For this purpose. Frequency Polygon or Frequeocy 
( urve mav substittrte the histogram 


l^equency Polygon. 

A Simple method of smoothing is simply to connect the 
outer extremities of the base of the histogram vwrth the rtud* 
points of the tops of the rectangles, as is sbovm by the 
dotted lines in Figure 25 In the figure, the lines connecting the 
nud points of the tops of the rectangles have been extended to 
the base at points 58 and 74 inches, the mid pomts of the two 
rectangles outside the histogram at which the observed fre- 
quenaes arc lero This procedure gives an area representa 
tioa of the frequency dislributtoa which is exactly equal to 
Ihe area of the histogram The tnangubr strips of area which 
arc cxduded from the histogram are equal to those formerly 
outside the histogram but now included m the polygon- 
(Compare o and o', b and c and c', etc ) Thus the 
area of the polygon is equal to the area of the histo- 
gram But the area of eadi rectangle of the histogram isjiol 
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equal to the area of the corresponding section of the polygon. 
For, the area cut off from the class-interval 61-63, stxy, has been 
added to the preceding class, 59-61. To this e.xtent, the polygon 
may be said to have re-distributed the frequency distribution. 

T/w PrequcHcy Polygon and ihe Frequency 
Curve representing the heights of 55 boys. 



The main purpose of the polygon is to find the mode of 
the given series. Mode can be ascertained fairly accurately 
by the apex of the polygon. Apex would in all probability occur 
in the class-interval containing the mode, and will not be shifted 
greatly even if some more items are added to tire series so that 
die original frequency distribution is modified. 

The frequency polygon, however, has a defect. It shows 
sudden changes in the direction of the curve, particularly at 
the apex, P. It, tlierefore falls to show regular and uniform 
variation in magnitude, which purpose is well serv^ed by a con- 
tinuous smooth curve, called Frequency Curve. 
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Frequency Cun e 

Frcquenc) polygon gnes the fint approximation to 
makng a continuous smooth cUne In Figure 25 frequenc) 
cune also called smoothed liistogmm has been drawn free- 
hand and IS shoAvn b\ the continuous line Smoothing free- 
hand requires great cart which if not taken would lead to 
fallacious presentation of facts When smoothing a frequenej 
poljgon ihe fact that it is rcallj demed from the histcgrani 
*hou!d alwai' be kep in aiew This would imply that the 
top of the cuiNc would oaertop the hghest point of the polj 
gon particularly when the magnitude of class mterarals is 
large Again the curve should look as regular as possible 
all sudden turns should be ai'Cudcd The extent of smoothing 
permissible would however depend on the particular data 
under study If the data con«ist of records of natural pheno- 
nenon like the measurement of leaves or of chance pheno- 
menon as the tossing of rupee coins smoothing may freely 
resorted to since such phenomenon under study is social or econiv 
mic skewness *ometimes considerably large may be expcct'rl 
m the norma* curve In smoothing such a polygon onK 
minor irregulanues may be elmmatcd The smoothed Imto 
gram should beg n and end on the ha e hnc s nee a contmu 
ous scries whch it represents wiih verv few inMances 

which go on n» ng but decrease again slowly to zero As a 
general rule it may be extended to the mid point of the class 
jntm-als just outside the histogram Another fact that must 
be kept m view while smooth ,,g a frequency polygon is that 
the area under the curve should represent tl e total number of 
frequencies in the entire distnbut on In the matter of smoothing 
experience is the b> t teacher 


rmjmncy nine tas certa.o danrtenst.cs. In most 
mses pimnJailv „ ^ phenomnu .1 « 
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bell-shaped. Bell-shaped cun'c is also called the Normal Fre- 
quency Curve or the Normal Curve of Error. Normal curv^e 
indicates what is expected of the phenomenon to which the 
curve relates under normal conditions. This curve eliminates 
accidental variations and establishes normal tendencies. If 
such a cur\’^e has been once obtained with adequately represen- 
tative sample, it can be utilized to speak for die whole universe. 
For instance, it may be said tliat if more measurements are taken, 
not only W'ill they fall within the curv'e, but most of them 
would be found to cluster round the mode. Or, if the groups 
are re-arranged, those groups which are nearer the modal group 
will contain, as .a' rule, more cases than the groups more distant. 

To draw the frequency cun'e it is necessary first to draw 
the polygon. The polygon is later smoothed out. Frequency 
pol^fgon may be drawn, even without first drawing the histo- 
gram, by plotting the frequencies at the mid-points of the 
class-intcr\'als and joining them by straight lines. This is no 
doubt easy but presents difficulties in smoothing the polygon 
properly. Therefore, it is always safe to proceed in a sequence 
— first draw the histogram, then the polygon and lastly smooth 
it keeping in view the fact that the area of the cunfe should equal 
that of the histogram. 

O^ve Curve. 

Of the three methods of presenting frequency distribution 
— the histogram, the frequency polygon, and tlie frequency 
curve — the last is the best for many purposes. But these 
■ methods are based on the freqtiencies of the class-intervals and- 
not on the cumulative frequencies. Ogive curve is based on 
cumulative frequencies and is, therefore, also designated as 
cumulative frequency curve. 

Table 49 gives the frequency distribution of 204 weekly 
market quotations of the- shares of the Imperial Bank of India 
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taVcn week U week from ISl Januarj J933 to 22nJ 
Dfcerrfjer lO 6 


Table CuittiiFalr^ Fr qucticy Table shtn.’tng market 
•alucs of the shares of the ftn/'erv:! Bank of India 
( Pa d up Votuc Rs 500) 


Market value 0/ 'hare 

No of quota 
lions (frequency) 

Cumulative 

frequency 

11 SO — 1200 

,, 

n 

1200 — 1 0 

44 

55 

l-sQ — 1300 

9 

64 

1300—1350 

10 

4 "^ 

13 0 — 1400 

7 


1400— 14sO 

0 

87 

14,0— J3OO 

J2 

99 

1500—1^50 

30 


i^w — 1600 

5 * 

180 

1600—1630 

so 

200 

I63O — 1700 

4 

204 


To construct cumulative frequenej curve from the table 
tfie honiontal and the vertical scales are chosen in the same 
manner as m the case of histogram polygon or curve but the 
essential dir«rence between the plotting of frequenev polvgon 
and of ogive curve is that m the polygon the frequenev must 
be plotted at the mid point of the cla^s interval while in the 
ogive it mu'it alvravs be ploltevl at the upper limit of tlie class 
mtcrval Thu< in Figure s 6 we maiiv n agains Rs. t,200 S 5 
.-gainst Rs 1,230 and <0 wi The successive points are later 
connected bv stra ght lines with a ruler The r«ulting cunt 
i an cgne nine. This curve can also be smoothed much hke 
the wnociJiing of frequency polvgon but it has not been done 
in Figure 26. 

Ogive curves cr sunj^y ogives may be Used for the 
rurpo«c of comparing groups of statistics m which tune is 
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not a faclor. Ogives, in general, arc not easy for the ordinary 
person to interpret. Histograms are readily understood by 
him. Ogives are primarily di-awn for determining medians, 
quarliles, percentiles etc. To determine tlie median of the 

data given in table 49, a line from the mark^-?^^ or 102 oir 

Ogive Curve of The Frequency Distribution of the values 
CutPuhfive o/ 204 skorcs of the Imperial Bank of India 



Pig. 26 

the vertical scale is drawn parallel to the horizontal axis t( 
intersect the ogive at M (see Figure 26), and then a perpendiculai 
F 24 
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IS drawn from M on OX cut mg it ai N ON, read ^ron 
Ibe figure gt\es the medan which is Ks t oO:) SmUriy 
ON gives ihe viluc o? ihe upp^r i^aTrlilc as R< i 376 and 
ON the value of the lower-quartilc as Rs 1,245 IXciI’s 
and p rccntilcs can also be lilwevvi<tc determtm.d. This method ot 
locating ihe median etc i-> lar n are east and simple than the 
methods discussed in Chapter X and is particular!) <10 wlen 
the data given are imperfect 

The ogive IS uvetul { r vied ig other results av well 
Supiose an ogive repre vents the cumulative frequencies of 
income lax pajers m a certain countn \Vc can iron il. 
eisil) find out the total number of tax paver 
ilati a certain sum Again if data relate to wages 01 iti 
plovces m a factor) the number of worhers getting not I a> 
than a certain wage can asecrta ned SimiJarl) il tnc 
government of a countr> v tvhes to formulaic a schem-* of 
graded relrcncfimcnt this method of delcnnining litc runibef 
of entpto)ee 3 getting not less than a certain salarv would be 
found very useful lor simple an ordinate need be drawn 
from the amount of mone) und r consideration in the three 
cases to intersect the c^vc and the valu of this onhna e be 
lead on the vertical «calc to Know ih“ number of tax pajer” 
wage-earners or government emp’o>eeb as Uie case may bu 
Further the mode can also be loca*ed on the ogive a> ih- 
frequencies arc most numerous where the curve has ih- greaest 
tendency to run parallel to th,. vertical veal 


Galton’s Slethod ol Locating the Median ' 

Gallon has given a graph,,, method by which medan 
«m be located. The honzonul Im. is divided into wjual parts 
corTes5«nd ng to the unit ot measurement and vertical 1 ne 
Is similarl) d,vi led to dmw the frx,uet,-v Tl e essential pomt 

It should not bp confused with Gol on Crupl 
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'jto be kepi in view while plotting the cun^e is that every preceding 
I measurement is made the base for the next measurement. 

Table 50 reproduces the data given in table 47, page 359, in 
the form of frequency distribution. 

Table 50. Frequency Distribution of heights of 55 boys. 


\ 

Height j 

Frequency ! 

1 

Height 

1 

Fi eqncncy 

, 1 

! Height ! 

1 

Frequency 

59 * 

1 

64.5 

3 

68 

4 

GO 

1 

()5 

3 i 

68.5 

3 

61 

1 

60,0 


69 j 

3 

61.5 

1 

66 

4 

69.5 

2 

62 


! 

^4, 


2 

62.0 

1 2 

67 

5 

n 

1 

63.5 

‘ 4 

07.5 

4 

I 72 

1 


Locating the Median by Galton’s method in a series 
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frequence distfrbuhoit JD tiWc « grajAJCsJl/ 

represented b> Galtotis mcllioJ in I igtirc 27 Starting with 
59 one dot is put down on the onltmti tl rough the 59lh niari. 
land 1 g for one «tuclcnt I rom hiA j>oint a horizontal 1 n 
IS drawn upto 60 the next height on llie ordinate thnugh the 
point 60 Starting froni ihe new hasc on/» one dot is agan 
marked Trom this do ngam a liorizontal hue is drawn 'niJ 
proceeding in the same manner as man) dots arc marked at 
each succcssite height as there are students of that height 
Thus 55 dots arc put down W'lien this has been done J n«5 
are drawn to connect ciei) two socce*snc dots which are 
horizontal!) apart Where the dots art odd in number, the 
line passes through the middle dot while the line passes through 
the point midwa) between the two middle dots if th^ 
number of dots is eaen. Thus a continuous curve is obtained 
To locate the median the position of 27^^ th point is marked on 
the vertical «cale since the height of the ?7th boy is the 
median From this point a horizontal line is drawn to intersect 
the curve From the poiiit of imcf«cction a perpendicular i» 
drawn, on ihe honzontal base to intersect it at N OV gi'v* 
the value we dc< rc Thus 665 jndics i> ll t median of the hcigl > 
of 55 bo)S 


EXERCISES 


(t) The wandering of a line is more powerful in its tffect 
on the mind ih-n a tabubled slafoneiit riiicidate 

(2) What points roust be borne m mind n drawing a 
statistical graph’ 


(3) Explain with U»e hip of d agrains the differerH.*. 
^ween a frequency pohgon hi tcsnmr irequenc) curve anl 

(Mj\ Tatna 1942) 


(4) How will c^pare the proportional changes in 
\"<mId'^adopt^ details of the procedure )ou 
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(5) How does the Natural Scale .differ from the Ratio 
Scale? In which cases should the latter scale be used? 

(6) Describe the Galton’s method of locating tlie median. 

(7) The following table gives the value of Imports and 
of Exports of India for the years 1920 — ^21 and 1921 — 22 in 
crores of Rupees; 


Months 

1920-21 

1921-22 

Imports 

Exports 

Imports 

Exports 

April 

22 

28 

26 

18 

May 

' 24 

28 

21 

20 

June . . 

26 

23 


17 

July 

28 

21 

18 

17 

August 

31 

20 

21 

20 

September 

29 

22 

20 


October 

32 

21 

23 

18 

November 

32 

19 

26 

20 

December 

32 

20 

23 

22 

January 

31 

19 

28 

23 

February 

24 

18 

20 

22 

March 

25 

19 

21 

28 


Plot the above figures on a graph paper, and show also the 
balance of trade. 

(B. Com., Alld., 1938). 

(8) Following are the monthly cheque clearances in India 
during 1942-43. Present them graphically and give necessary 
comments. 


Months ‘ Cheque Clearances 

Crores of Rs. 

April . . . . 181.S 

May . . . . 219.6 

June . . . . 188.2 

July . . . . - 193.0 

August . . . . 244.6 
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Months 

Cheque Cleannc 
Crores of Rs 

September 

2130 

October 

2366 

November 

2330 

December 

2386 

January 

2627 

1 ebruarj 

22IJ2 

March 

2138 


(9) What arc the a«l%antages of iht Scale over the 

Natural Scale’ i lot llw following data gruphicallj on th 
loganthmic scale — 


Neat 

Total \o es issued 

Notes «t circubtio: 


m crores of Rs 

m crores of Rs 

193334 

\77 

167 

1934 35 

i8t> 

172 

» 93 S 36 

196 

'167 

1936-37 

3 o 8 

192 

*937 38 

214 


1938 39 

207 

187 

1939-40 

252 


19*0-41 

209 

208 

19*1 4 * 

421 

410 

194243 

650 

62* 


(10) The following table shows the total «ales of gold b) 
the Bank of England on foreign account Represent the dan 
graplncalU on the logarithmic scale — 

iear £000 

i9«o 

1911 8;228 

g 670 

*913 7943 

19M 8 o '7 

^ 9 t 5 43076 

1916 360 

(B Com Alld. 1932) 
(it) Represent grai 4 >icall> the data given below on a single 
sheet of graph paper to bni^ out clearly die relative fluctua 
tions m the pnces of vinous amdes Draw such ccmclu ions a-> 
)ou can from the graphs 
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Wholesale prices in 

Kanpur. 


(in rupees per maund) 

Year Rice 

Wheat 

Linseed Gur 

Cotton Tobacco 

1928 . . 7.3 

77 

7.0 6.5 

34-1 17-3 

1920 . . 7.7 

5-5 

8.0 7.3 

29,8 1 7. 1 

1930 . . 5.8 

3-6 

6.5 6.2 

I- 7-3 14-5 

J03T . . 4.1 

27 

4.2 4.2 

13.3 1 1.6 

1932 • • 4-3 

3-4 

3-5 3-5 

14.8 4.9 

3933 • ■ 4-1 

3-2 

3-4 3-1 

12.9 4.9 

1934 • • 37 

2.8 

3.6 4.1 

13-2 57 

> 


(M. Com., Alld., 1943). 

^ (!2) Show the results of 

working of Class I railways in 

India graphically and comment thereon. 




(In millions of £) 



Capital outlay 

Gross Earnings 

1923-24 . . 


464 

70 

1924-25 . . 

• . 

473 

74 

1925-26 . . 

. . 

487 

73 

1926-27 . . 


505 

72 

1927-28 . . 

* . 

^94 

86 

192S-29 . . 


599 

86 

1929-30 . . 

. . 

617 

84 

1930-31 . . 


627 

77 

1931-32 . . 

. 

631 

71 

1932-33 • • 

. 

638 

70 

1933-34 • • 

„ . 

635 

72 


* V 

(B. Com., Agra, 1940). 


(i3) Distribution of firms in Woollen and Worsted In- 
dustries in Yorkshire, according to number of operative; 


Operatives 

No. of firms 

Operatives 

t No. of firms 

1 — 20 

380 

301-^40 

24 

21 — 60 

320 

341—380 

18 

61 — 100 

182 

3S1— 420 

16 

101 — 140 ; 

147 

421 — 460 

II 

141 — 180 ' 

92 

461—500 

9 . 

181 — 220 

66 

501 — 700 

19 

221 — 260 

39 

701 — 900 

IS 

261 — 300 

30 

901 — 

16 


Total Number of firms 


I 1384 
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Rcprt^fnt Ills (lislnl»utjon pnpficalH (bj i cm? o{ a 
cttmubmc (liapram) and Jrt«» th« qrajh cst nnlc Uic mMian 
and nuartdfS oi tbe croyp 

t.B Com IikJc 1930) 


(14) Present ihc followinp fipyrc» rrlatni, to monthly 
imports (volume an! \aluc) o/ Iquor info Inlta (.nphimlly 'o 
as to show iheir iltictualious anl guc 1 ecessary conimtls 


19 -tt 42 

\ olume 

\ alue 

Months 

(000) GaU 

1 s (OQO) 

Apnl 

t 63 

■MHH 


39 > 


June 

i$i _ 


Juh 

415 y 


\ugust 

330 1 


Sejit ember 

363 , ‘ 


October 



November 

1 W 9 ’ 


December 

*09 


January 

*30 

159 / 


1 ebruary 


March 



{^) follovMng figur^rcbtmjj to p^^atiotj^of 

India so as to show the proport onate mcfci«c in population Iron 
one period to another 



1911 

1921 

1931 

1941 


I opulation 
ooooQos om Ited) 
10 
oO 
290 
"9a 

3"«‘ 

3aO 

390 

(n Co 1 Nig 
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(16) Gmphicall)' present the figures given in exercise 2^, 
Ciiapler X, page 175, and slate whether the curve is skew. If 
yes, what is the nature of skewness — positive or negative? 

(17) Draw a line frequency diagram from the figures given 
in exercise 31, page 223, Chapter XI. 

( 18) Study the movement of the exports of pig iron and of 
cotton goods from the figures given in exercise 26, Chapter XI. 

(ig) Draw a bar frequency diagram of the figures given in 
exercise 28, Chapter XI, page 221. 

(20) Draw a frequency curve from the data given in 
exercise 21, Chapter XI, page 218. 

(21) Plot the figures regarding area under cultivation, pro- 
duction and price of wheat as given in exercise 33, Chapter XI, 
page 222, on a graph paper, and comment upon their relationship. 

(M.A., Patna, 1941). 

(22) The following table gives the age distribution of 
widows in India (Census Report 1931). Draw a graph showing 
the number of widows younger than an^ given age, and from the 
grapli read off the median age of the widows and also the upper 
and the lower quartilcs. 

Years No. of widows 


0 — 10 
10 — 20 
20—30 
30—40 
40—50 
50-430 
60 — 70 
70 and o\ or 

Total 

(23) Locate the median of the 
^Method — 


135,862 
. . 718,101 

2,456,83s 
4,847,631 
6,480,259 
5,908,159 
3,743,615 
1, 957.506 
26,247,968 
(M.A Alld, 1942), 

following figures by Calton’s 


Lcuglh of Nim leaves m Inches 
1.35, I 35, 1-6, 1.6, '1.7, 1.7. 1.9, I 6, 1.5, 19, 2.0, 2.3, 2.6, 
2.8, 2.5, 2.3. 2.9, 3.4. 3.7, 2.9, 3.2, 34, 25, 28, 28, 2.6, 2.5, 
2.3, 24. 27, 2.7, 2.7, 2,9, 33, 1.8. 1.6, 1.5, 19, 1-5, 1-6, 3-4, 
2.7, 3-9- 3-5, 2.9. 2 T, 2.2. 2.3. 


(24) In the following table are given the quantity of nhite 
(bleached) cotton cloth imported into India and the price per yard 
Bring out, graphically', the relation between price and quantity 
imported year by year, and cothment on the relation indicated. 
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■b cars t onon rJoJh importfd \Mrnj.i f nc«. i>ir \-ard 
milionjtls Us a p 

*> ^ « 

Ji 4^>a '> a ' 

-7 57 « (. 0 o 

-28 5 S 7 *» 5 o 

- 2 <} 55 d 046 

—30 474 t) 4 


(25) 1 olioNMiig: itbk Ki»t> tht protluclif n of «\iKnr m CviUi 

Java tnd indra during m fndfions of qttnfal? 

Krprtsent thi. figures b\ a vtntnWe dngMm and coninuiH rn ih f 


biear 

Cuba 

Jaaa 

India 

t9’9--3'> 

44 

29 

J7 

1930-3« 

30 

-8 

M 

»93>--32 

0 

26 

24 

193'*— 33 

'9 

24 

a8 

2933— M 

2* 

G 

VI 

2934—35 

25 

5 

3> 

2935—36 

2$ 

6 

36 

193^37 

29 

24 

4'2 

1937-38 

29 

24 

32 

1938-39 

20 

la 

27 


(MA ratna 1943) 

(26) The following table guts the prices of gold and wheat 
and net eNport of gold during the jeatj, 1931 32 to >938 39 — 
Years Average pnee Aaeragc pnci Net export 

of gold (per tola) of wfuat (per mauncl) of gold 
Rs a Ks Crorcs of R» 

J93132 , 25 4 33 ^8 

>932 33 30 12 33 65 

>^33 3 t 33 6 -’R ^7 

19343s 35 8 31 52 

193536 35 4 32 37 

2936-37 36 o 39 

293^38 36 6 3aa ,6 

2938-30 37 12 3_j 13 

riot the aboae figures on a graib paper, an 1 comment upon 
the relationship ^ 


(^fA Agra 1943} 



CHAPTER XVI 


AKALYSIS OF TBIE SERIES 

In examining the changes witii time of a certain quantity 
we are concerned with the interpretation of these changes and 
with finding how they are related to similar changes which 
are observed in other time series. For instance, when we examine 
the series of index numbers giving the relative fluctuations of 
retail price of Nvheat in India (1873=100). given in column 2 of 
table 51 on the ne.xt page, we naturally ask ourselves to what the 
changes taking place are due and how they are related to changes 
m other series. 

Trend, Seasonal and Cyclical Fluctuations. 

Upon perusal of the annual average indices we find that 
(here is, on the whole, a gradual increase in the retail price of 
wheat and that there arc sudden breaks of large and small number 
of points in this gradual increase. We know that the series of 
retail price is a resultant of a large number of causes of different 
kinds, e.g., weather conditions, transport facilities, consumers’ 
demand for wheat, demand and prices of substitutes of wheat and 
so on. We must consider the nature of these causes with a view 
to determine their effects. 

The first cause, and a fundamental one, is that with increase 
in population of India the demand for ivheat, as for so many other 
commodities, has been growing. Therefore, there is a certain 
groivth factor which is effecting a general and gradual rise in the 
series. The resulting gradually changing nature of the retail 
price of wheat is referred to as the secular trend of the series 
and this trend should be supposed to be linked up with the growth 
factor. 
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AXAI.YSIS OF TIME SERIES 


381 

Just as the growth factor causes a rising tendency in the 
indices of retail price of wheat in India, the decline factor in some 
other series, say, production of indigo in India over a series of 
years would effect a falling tendenc3^ The downward trend 
in such a series would then be said to be linked up nith the 
decline factor. 

Secondly, operating along with the growth or decline ' factor 
is a group of causes which do not operate continuously, but m a 
regular spasmodic manner. One among these causes is the 
seasonal factor. Seasons occur in the same way every year: 
Winter is followed by summer and summer by rains in India; 
crops have their sowing and han^esting seasons; May and June 
constitute marriage season in India. The effect of this seasonal 
factor is a regular up and down movement in the series 
of figures relating to the phenomenon affected bj- the factor. This 
movement is referred to as the seasonal movement. If retail 
prices or retail price indices week by week or month by month 
aie considered, an up and down movement of this kind would be 
noted due to the harvesting season in March-April, and this 
movement would be super-imposed on the secular trend. 

Another cause in this group, operating in a regular 
spasmodic manner, is the cyclical factor. During the 19th 
century a fairly regular up and dowm movement has been 
noticed in a good number of time series of economic data 
These movements have been repeated at inten^als of years 
ranging from 7 to ii, that is, these movements have occuried 
in a cycle. There are “boom” years in which the obscr\'ed 
phenomenon show’s tipw’ard movement, and there are “depression” 
or “crisis” years when it show’s dow’nward movement. 
Retail price of wheat is also affected by this "trade cycle” or 
cycUcal movement. 

Lastly, in addition to the group of causes producing 
regular up and dow’n movement in our series, tliere is an- 
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Ollier group \\hi.h o{«- rates m an irreiyii/iir manner It includes 
such as floods raids of locusts fires earthquakes 

wars rtsolutiQiis and so on whu-li rum the crops of the anas 
affected bj than It also includes such chance combinations oi 
wind sunshine and ram tn a certain season as maj result m a 
bumper crop While ilH«e causes do operate from time to lime 
there IS no regularity tn their operation Retail price oi aalieat 
IS also affected bj such Irregular fluctuations 

We ma) conclude thin tl it in inalvMng an\ giien lime 
enis we look lor thru kinds ot moaenunt ti* 

1 GcTOraV Trail iv I1.J 

2 Regular Huitu t in 

(i) Siasfiial * 

OO t-J 1 d 

3 Irregular 1 lu luaiii) Is 

Oeneral trend relcrs to so-ubr or loDg period changes 
Some mflu ncis operating stead K and p<.r«isttnih from jear 
to }«r maj be causing a general tcnleiK) for fgiires relating 
to a cirtaiii pi eiiomcnon to increase to decrease or to assume 
both directions Regular and irregular fluctuations refer to 
period c changes lasting a short period of turn Therefore 
hanges in lime scr cs ina) W sjiol en of as { i ) long time 
and (2) short tm Long t i fluctiutions include secular 
changes while hon t ne cllaitows may be classihed 

into (i) siasonal (»l a leal aid ) irregular fluctuations 
fht primary task tn ai aK ng ■« i me senes therefore 
IS to measure anj i ohic long time and si ort t me 

chang *5 

Measuring and Isolating Time Changes. 

In order to stu h any onerfth e clunges by itself it 
«e«us ncces<;arj to folio % the i Ihx! of the physdst who 
allov s only one lactor to vary at a unw and eliminates aU other 
factors Em the «tat t cian can rareh control the condition 
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of rxjH'timcnt an<f has. thetcfon', to in- satisfu'd willi rid- 
dintr* ^o far a^ iMKsibli'. tin- imud.-d (iaia of die apparent 
iliccts of the eNtr.nicoH'; catiscs. If wi- disire to study the long- 
liutc changes in the utail price of win at, w shall do well to 
rciraue the fluctuations jhhu the field. But, if wc 

arc inttre''fe<l in short-tiiui o'-cillatiosi' onl), we should elimi- 
nate all long-time rhangis from our s< ties. 

Let us first be Concernid with ilu '•Uidy of long-time 
saiiatiou.H, nr which comes to the s'mu' tiling, Ireiid, Since 
//)<■ :vhti' of an Item on a faritcular dair in a llnio series consists 
of lont/'lme /’/tor the <horl-liinc chauejcs, wc can get a measure 
of tlie loug-lime ciiauge if wc eliminate slmrl-time change from 
the icrios. 


jllcasiireir.rnf of Scrulnr Trend. 

If we plot <nir 'crus on a graph papci we .shall observe 
an up and down iMneunni in tbe cur\e. 'file index hislori- 
gram of the lelai! p^l■l^ of wheal drawn in Figuie -'8, page 386, 
is not a .smooth cni\e. It i- irngular. if we can .smooth out 
these irregularities, liie short-time o-cillalions siiali be' removed, 
and wc shall obtain a measure of the innd \ allies. B'.se may be 
made of any one of the following methods for measuring long- 
time or Secular tr<'ud, and. in the process, eliminating short-time 
oscillations from the data : 

t.i) I’Vee’haud Cune Method. 

(2) Method of Moving Averages. 

(3) Method of Iwast-Squares. 

Freehand Curve Method.— Wc ma) observe the up and 
down movement of the curve and smooth out the irregularities 
by draw’ing a fu-eband curve or line through the index histori- 
gram such that the curve so drawn would give a general 
notion of the direction of the change. T his freehand cun'c 
eliminates the short-time oscillations and shows the long 
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Iienod gemr 1 itmlcncj of the ittil pnee of % iK'it T)iis i 
c'artl) vvliat i meant bj tftid 

But thiA mclhol has a stnoiis di'>a<!k-anf’^ llial diffcrt t 
people would draw the ftetband lute at dsfteTAWt }»c)s»tJOns Witli 
ti ficrcnl slopes Niturallj there aviII fs. I'lfTermt concJuiioriA 
Therefore in place of ihiMUKbod the nwthorl of mOAitig avenj^rt 
n-a> be used 

Slefhod of Momob AveraRCs, — It i> m Tlternatne method 
of ndding the htMongram of «ls nuctuatioiis It mvobes th 
taking for i-ach jear of the «ienc« not the t-alue relatng to that 
vear but the aAcrage of the \jlue> of one two, three or 
mor< )cars preceding and succee<Iing lift sear m quistion 
Ir for instance thn^mrlv moAing aAeragi «< to U. compsited* 
the saluts of the 1st jnd and 3rd jears are added up ihe sum 
is divided by 3 and the qwolimi is pboed against iht 2nd ^car, 
then \ilues of the 2ftd 3td and 4tb ><at» arc ndJed up averaged 
Tnd the tveragi. is placed against the \nr, and so 

OB These averages when p!ottf<l on the «ame graph on 
which the histongnn lias bwn drawn would «mooth out it> 
irrcgulanty, that is eliminate short time dianges and show tic 
long penod tcndenc> 

\Vhat period ol time should be used in calculaUng 
the moving average* Tins question is of paramourt 
importance smec, no on penod of wme u«ed in calcubung 
the moving averages would eliminate «hort lime changes of alf 
lime Senes The moving averages calculated bv using that 
tnne-mterv-al which apprt«inialely coincides with the penodiaty’ 
of a histongrani would ehniinate, nearly completely, all 
regular fluctuations of the senes and show the trend. This 
IS the chief cliaractenstic, as also the merit of the Method 
of Moving Averages In u:>ing this melhoil therefore^ 
«e must search for ‘penodicitj’ m the pven senes to 
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determine the period of time that should he utilised in computing 
■ the moving averages. 

Wint is ‘periodicity* and Itow is it measured? 
Periodicity i.s but another natne for the average duration for 
nhich cycles in a series last. A cycle is said to be completed when 
beginning with a peak the falling curve readier a minimum point 
and then rising again reaches the next peak, or, when 
c^nnirig with a trough the ri>ing curve reaches a maximum 
point and then falling again reaches the next trough. There 
maj be several peaks and troughs in a given scries. The 
simp e average of the time-distances helween the consecutive ' 
pcaks^ and between the successive troughs of the waves of the 
historigram would give the approximate wave-length, the desired 
periodicity. 

In Figure 28 the index-historigram is undoubtedly irregular 
in its shape, but the ups and downs show remarkable regulaiity 
in their occurrence. It will be observed that it shows recurring 
years of high prices at iulers'als of about 10 years, prominent 
ciests falling in the years 1879, 1888, 1807 ami 190S, and similarly 
recurring years of low jwices again at intervals of about to years, 
prominent troughs failing in the years 1876, 1885, 1S94 and 
jpo-l- The average of these time-distances is 10 years, and if 

nuiy now be said that the ‘periodicit)'’ of the given series 

IS den years, that is, the ups and downs repeat themselves 

a cycle of nearly 10 years with marked regularity. 

These regular fluctuations of the index-historigram arc the 
Cyclical flucimtions, or, call them periodic variations. If %ve elimi- 
nate them. We shall be left with the long-period trend. To do 
so, we should compute ten-yearly moving averages of the retail 
price indices, and plot them over the index-historigram. The 
tcn-3'early moving average curv-c would show the secular trend. 

To be more certain whether the regular fluctuations repeat 
themselves every tenth year, we operate on the scries with moving , 
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a\engcs of a fe v d ffcrenl periods and observe if any other 
mov ng average smooths out tie irregularities ^\c begin with 


Rela f price of nhrat 1 1 M a sho'cing 
amiifli/?wc/ia/o«j fite yearl\ moti girerane and the trend 



re ”3 

f e-jeirly moving average wheh is g en m column 3 table ;,l 
Ihs seres of mo\ ng averages s plotted over the hstoTgram 
n r gure 8 Ihc fivcvearK mo ng average curve shows con 
s derable fluctuations though ll cy are less tl an those in the 
h slongram of annual ind ces S nee it docs not smooth out the 
irregular t es it cannot be regarded as sho ving the secular trend 
of p ce indccs But a careful glance at the success ve peahs 
and troughs of th s arve would reveal a per ode ty of 
JO years for the gven senes If v e sn larly plot seven-or 
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nine-yearly figures, we would even then find some fluctuations 
in the moving average curves, until wc come to the ten-yearly 
moving average. 

Ten is an even number and, therefore, tire ten-yearly 
moving average can be placed only against the middle of the 
fifth and the sixth years of each group, as in column 4 of table 
51. We 'centre' these ten-yearly moving averages by taking 
two-yearly moving average of the figures given in column 4. For 
example, the ten-yearly mordng avciage (centred), shown in 
column 5 of the tabic, for 1881 is 

108-pill 1104-115 

2 “1 10, and for 18S7 is 2 — 

If, however, the periodicity were an odd number of 
years, there would have been no necessity to ‘centre’ the moving 
averages. Tlie cuiw'e of tiic ten-yearly moving average (centred), 
drawn through the histoiigram in Figure 28, is far more smooth 
than the annual index-historigram or the five-yearly moving 
average ciuve. This cun^e shows the general rising tendency of 
wheat prices from 1873 to 1910. Consequently, the ten-yearly 
r.oving average (centred) column in table 51 gives us the trend 
values. JVc have thm mcasincd ihc ircad by eliminating sliort- 
time fluciuatiaiis through the proocss of smoothing. 

Tlie smoothed curv^e is of no use for studying short 
time changes. It shows the trend, the course tliat would be 
taken by a curv^e in the absence of disturbing factors, such as 
cyclical fluctuations. From the smoothed curve in Figure 28 
we cannot study when prices began to rise or to fall. We 
cannot say that the retail price of wheat began to rise in 
1887 because the smoothed curve begins to rise in that )'ear 
The average for 1887 is based on the prices of ten years of which 
the year in question is only one. To study short-time (annual) 
changes, that is, to study zvhen prices began to rise and to fall, zee 
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jiiwf fojitKJl the onginal hstan/pram and not the trend H 
siud> ilKm from the trend jnisUndmg conclusions might l>c draw a 
5 fr tx.impk ihe Mnpt. of the smoothed curve for the period 
1S78 to 1S80 (Tigurc 28) might lead one to think lliat the price 
< f vvntat was fairlv stead) during that period whems according 
to the original data the mmIiccs 147 t -3 and I18 for the jears 
1878 187Q and i8»Vv res|«tivtU show violent fluctuations 
The smoothrtl curve thircfore is good onlv for a study of long 
penod general knlen \ of the |»h<.n‘’«ieron under investigation 

Tlie Method of Moving Averages has two limitaliOBS 
in spiti of Its Ixing ci'V r>l apphcition and cnjo)ing an advantage 
ever the frevhand cu'vc mdh'xl that diffircnl people will not 
obtain difftrcni results hv a»ing it providnl of course, the gneii 
figures show pc nodi variations 

The first limitation i» dtat it docs n(»l cnabk the cartying 
ut of the accurate trend to the cTlreiiK-v ot the ilata Trend 
values relating to the >ears from 1873 to 1877 and to those 
from 1906 to 1910 could not U ascertained m our example 
This dtficiency ma> Ik midv good in tuber of the two following 
ways 

(o) The moving average nirvi imy be esTned out free- 
hand to each irxiremc 

(&) Artificial final groups may be formed bv dupheat 
mg the numbers at the extremes In table ji 
for instance 170 might be added at the close five 
successive limes lortmng the required new groups 
for computing lo-vcarlv moving average upto 1910 

Both the«e methods are liowever approximations 

The second limitation ot ihv mcihod of moving averages is 
that It cannot be applied wuh equal success to any and cverv 
histongram It i> u eful only in iho e histongrams which 
manifest more or less petioduitv for the object of using 
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Ihls method is to eliminate periodicity. If a historigram does 
not show regular periodicity, the period of the moving average 
10 smooth out its irregularities would obviously be very long, 
and the moving average would show the general trend for the 
whole period vithout allowing for zny of the large variations 
which It might be proper to retain Hence, the method of least- 
squares. 

Method of Least-Squares. — AUhough somewhat mvohcd 
for practical use this is the most representative method. By 
applying it, a straight line trend can be fitted to the g\'en data 
The trend line, technically called the line of “best fit,” drawn 
under the least square assumption is the line from which tire sum 
of the squares of the items, measured parallel to tire y-axis, is the 
least. The following table illustrates the procedure to be adopted : 


Table 51A. Comjnifafiou of Ticud of ihc StcAvig Assets of the 
Reserve Bank of India by the Method of Least-Squares. 



Sterling as 


! Deviation 

1 

1 Product 

1 Trend ordi 
nates (crores 

Tear 

acts (crores 

tion from 

( of col, 3 

j of col 3 


of Ks ) 

Diulille \6ai 

squarcl 

1 and col. 3 

of Rs ) 

(1) 

(2) 

(3) 

W 

1 (5-1 

1 (6) 

1936-37 

' 83 


i 4 


! 67 

1937-38 

92 1 

—I 

1 I ! 

- 92 

84 

1938-39 

71 ' 

0 

0 

0 

101 

1939-40 

90 

+ i 

1 


. 118 

1940-41 

j 

169 : 

4-2 

4 

+.338 

1 135 

505 1 

1 


10 

-hi 70 

► 


The procedure may be explained as follows • 

(1) Compute the simple arithmetic average of the items. 
It is S05-^5"ioi crores of Rupees. This average is tire mid- 
point of the line of “best fit.” 

(2) From the mid-year of the senes, 1938-59, and the 
lime-deviations of the other years. Col. (3). 
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(3> Square tlw de\TaUons -uid aW ihc re;sulting fgurcs 
Col ( 4 ) 

f4) Multipl} Ihe mIuc of ifit rteins f J ll’C timeslcMalions 
ind take the algebraic sum of the procUtets Col (5) 

(5) Divide the sum of Col (^) hj that of Col (4) The 
quotient Rs 17 crores vs the avenge increment 111 the trend jear 
b> jeaf It gives iht slope of the line of best fit 

(6) To obtain the trend ordnatc-s shown m Col (6) put 
down the arithmetic average of the Items Ks lOi crores against 
the mid year 1938 39 and for the years after the midyear add 
as many increments to the trend ordmate of the mid year as 
the given year is away from the midyear while for the years 
before tl c mid year subtract tlie increments m a similar manner 
Thus the trend ord nates for 1939 40 and I 94 > 4 t are respectively 
(iXIRs- 17 ctoTes)5=Rs tj crores and (aXRs 17 crorcs) 

Rs 34 crores more than the avenge wh'le the trend ordinates 
for 193738 and 1936-37 arc respeclnely (iXRs 17 erwes) 
“■Rs 17 crores and (-‘XPs 17 crores) — Ks 34 crores below the 
average The algebraic sign of the increment must be kept m 
view while computing trend nlues 

The values of Col (6) when plotted would show the 
straight line trend of the sterling assets of the Reserve Bank of 
fnd 1 It should be clearly noted that this trend line the line of 
best fit passes through he anlmclc means of the x and the 
«enes X Senes representing time and v the sterling assets 
This I ne it should be further noted vs the best fit only for the 
period to which u has reference the nldtion of sterlng assets 
(or a few more years or the ehm naiwm of some of those already 
included may change the position nntenally 

EUmmatlon ot Trend- 

We are very often interested m the study of short bme 
oscillations of a tune sene? Tor th stuly we should get 
our data nd of long tune variations To do so is quite easy 
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when once the trend o£ the series has been known, for, the 
difference between the value of an item on a particular date and 
its corresponding trend value is the* short-time oscillation. These 
differences, called deviations, are taken wth their proper 
algebraic signs, and, when plotted on a horizontal base line 
show the short-time oscillations. 

We have discovered the trend of our series relating to 
retail price of wheat in India. The values of the ten-yearly 


Retail pnce of wheat in India showing short-time oscillation 



moving averages in column 5, table 51, are the trend values. 
To eliminate the trend we compute deviations of tiie prices 
from the trend toIucs. These deviations are placed in column 
6 of the slime table. We plot tliem on a graph in Figure 29. 
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The resulting cur\e gi\cs only the short time oscillations of 
retail pr ce of Mhtat unobscured by the long time NTiriations 
riuduations in price without the trend can now be studied from 
the dagram -very easily 

Tlius the primary tisk of studying and tl mmating long 
time and short time changes in n time senes is o\er TTie 
short time oscillations would tt may be obsened consist of 
season'll cyclical and irregular fluctuat ons which may also be 
separately measured 

measurement pf Normal Seasonal Change 

If monthly records of some <h(i are available over a scries 
of years c thcr of the following two methods may be used to 
t.rri\e at a measure of their normal seasonal ^^^latlon 

(1) Compulation of Seasonal Average 

(2) Computation of Seasonal Index by using monthly 
av'erages 

Seasonal Average — Seasonal avenge is obtained by 
adding up the amounts separately for each month of the year, 
that IS totall ng tlie amounts for the Januaries the Februancs 
etc. separately and dividing each such summaion by th<* total 
number of years for which the data arc g;l^en In libir ^2 
cMumn 8 gives the seasonal average for the exports of raw jult 
from India between 1939 and ISM3 

Seasonal Index. — ^To obtain the sea^nal vwnation index 
find out the average of monthly avenges and then find the per 
centage that each monthly average btars to the average of 
monthly averages In table 52 tlie average of monthly averages 
gven at the bottom of column 8 i> 38000 tons Therefore the 
seasonal index for January is 

42000X100_ 

zsoob 

Seasonal indices in cohtmn (9) of the table have been simiUrly 

calculated 
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Table 52. Ctikulolwn of Seasonal Average and Seasonal Variaimi 
« Index of the Bxporils of Raw Jute from India. 




I? aw 

Jute 



-•!{ 


Percentage 







Total 

Five 

of Montniv 

Months 



V 



of five 

years ’ 

total to aver- 


M>31> 

1S40 

1941 

1942 

1943 

years 

average 

age Moathly 

(1) 

(2) 

(3) 

(4) 

(.5) 

rc) 

(7) 

(8) 

’(») 


Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

i 



•000) 

;000) 

(000) 





Jan, 


59 

45 

33 

22 

211 

42 

150.0 

Feb. 

<i9 

08 

17 

15 


183 

37 

132 2 

March 


51 

10 

24 

l3 

158 

32 

114.3 

April 

53 

38 

20 

26 • 

17 

154 

31 

110.7 

May 

44 

36 

31 

6 

12 

129 ' 

26 

92.9 

Jvno 

34 

10 

30 

16 

12 

114 

23 

82.0 

July 

21 

3 

26 

28 

13 

96 

19 

67.9 

Aug. 

37 

14 

30 

14 

8 

■En 


71.4 

Sept. 

45 

11 

23 

22 

11 

112 

22 

7S.6 

Oat. 

31 

17 

29 

21 

13 

113 

22 

78.6 

JCov. 


12 

30 

38 

22 

167 

33 

117.8 

Dec. 


85 

10 

22 

13 

143 

29 

103.0 

Total 





% 

1680 

330 


Average 






140 

28 

100 


The seasonal average in column (8) and the seasonal index 
in column (9) show the typical movement of exports of raw jute. 
If both of them are plotted on graphs, the part of the year in 
which the exports are the greatest and the part in which they 
aie the least would become easily visible. The influence of the 
seasonal factor on the exports would thus be rendered clear. The 
normal seasonal variation, thus computed, would recur month by 
month in the same manner year after 3'ear. 

In table 52 we have pooled together the experience of only- 
five years. In practice a longer period should be used. 
Comparison of ffime Chsuigte in two Historigrams. 

When comparison of time changes in tzao historical 
variables is desired, they ■ should ‘ first be reduced to index 
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rumbcrs «o that their rehti\e fluctuations ma) be easilj com 
pared. 1 he trends o{ the t«o index senes may then be 
d<co\ercd their short lime oscillations computed and plotted 
in one graph mlh the same base and scale Comparison between 
i' e short time oscillations of the two index senes can then be 
1 .ade b> studving the mosements of the two curves 

To compare long time changes the trend \alucs of the 
two enrt should be plotted on the same base with the same scale 
and the directions of the resulting trend lines studied 

EWRCISHS 

(i) Indcatc hnefl) how )OU would anal>re a senes of 
monthl) records extending mcr 50 )ears (MA AUd 1942) 
(■*) td) 1 xpbin fulK what is m«nt by secular trend 
seasonal N’anations and c>chcal fluctuations illustrating >our 
answer 


(ii) Study the short time fluctuations of the following 
temperatures measured in degrees Fahrenheit — 


Date 

I9»t 

Temperature Date 

t94t 

Temperatufv 

Feb I 

40 Feb 

1! 


2 

50 

12 


3 

44 

t3 

Go 

4 

70 

U 

C4 

5 

5' 

«5 

&2 

6 

h 4 

16 

68 

7 

3u 

17 

86 

8 

40 

18 

96 

9 

5b 

19 

94 

10 


-•o 

(B Com 

78 

Alld. 1942) 

(3) Compare the longtime changes and the short time 
f'scillations of the following data 

^ear Index No 

Ind x No Year 

Index No 

Index No 

X 

> 

X 

\ 

1900 80 

10-» IQ16 

100 

lOt 

t 8-» 

to* 17 

lot 

106 

2 83 

106 18 

102 

112 

3 85 

toy s9 

106 

111 
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Year 

Index No. 

Index No. 

Year 

Index No. 

Index No. 


•f 

y 


.r 

3 ’ 

4 

90 

10 

20 

102 

110 

5 

86 

loS 

21 

lOI 

109 

6 

84 

106 

22 

100 

108 

7 

82 

104 

23 

98 

108 

8 

So 

103 

24 

103 

113 

9 

91 

104 

25 

lOI 

112 

10 

90 

112 

26 

99 

III 

II 

88 

108 

27 


108 

'12 ■ 

87 

103 

28 

93 

108 

13 

87 

lai 

29 

90 

US 

.14 

100 

109 

30 

102 

107 

15 

TOO 

102 

31 

100 

102 


(4) (a) How would you distinguish the cyclical fluctuations 

^rom the trend and the seasonal fluctuations. 

(b) The following table gives the value of the exports 
of merchandise from India dyring the years 1919-20 to 1923-24. 
Calculate the seasonal variations for each month during this 
period. 


In Crorcs of Rupees 


, , Months 

1919-20 

1920-21 

1921-22 1922-23 

1923-2 

April 

. . 20 

27 

17 

23 

29 

May 

20 

26 

18 

26 

28 

June 

ig 

21 

15 

28 

29 

July 

26 

19 

17 

23 

25 

August 

25 

19 

18 

24 

22 

September 

30 

21 

19 

20 

23 

October 

28 

19 

17 

21 

25 

November 

29 

17 

19 

27 

26 

December 

26 

iS 

21 

26 

30 

.Tanuary 

29 ■- 

18 

22 

28 

36 

February 

. . 26 

17 

21 

30 

35 

^larclt 

30 

18 

26 

(M.A., 

31 

Alld., 

40 

1937)- 


(5) The following table gives the Bank Clearings in the 
Bombay City for the years 1916 to 1940 in millions of rupees. 
Rind the trend, and verify your result graphically. 
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lf)!6 

527 

1929 


1917 

794 

1930 

83.0 

lytS 

763 

*931 

H06 

IJ19 

66.0 

*932 

ia96 

IQJU 

63 ^ 

1933 

177-4 

jpjl 

93^ 

1934 

i;86 

I92J 

1047 

1935 

23S-S 

19^3 

87.2 

1936 

243-2 

19-24 

793 

1937 

«944 

19’5 

1036 

1938 

2179 

lO’ti 

973 

'939 

2140 

»9’7 

92-1 

1040 

2^6-7 

19 8 

toa? 

(D Om 

AIM i'i43^ 


(6) Jhe dittcrert t>'pcs of fludinttotw whidt occur 

m the anaUsis of time-scn« lUustnie >our rtmarV \\ith iht 
!i Ip of the folWing senes 



(MA, Caf. 1937> 


(It Com. Nag 1944) 


t7) Explain the ttsc of owning asenges m tht analcbis ol 
time senes find out approximate intmng axtrage for the 
following senes — 


1901 

S06 

1906 

696 

1911 

ii8g 

1916 

89S 

1902 

620 

1907 

1116 

1912 

818 

1917 

814 

1903 

1036 

1908 

738 

«9»3 

745 

1918 

920 

1904 

673 

1909 

663 

1914 

845 

1919 

13'*' 

190a 

388 

1910 

777 

1915 

JiT^i 

1920 

961 







1921 

9'6 






(M.^\ 

Cal 

1936) 


(8) \\ nic a note on the statistical analysis of time senes in 

economic studies Illustrate jour remarU v-nh lln help of thy 
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following table, using in 
averages : — 

particular 3-ycar and 

5-year 

moving 

Year 

^’alue 

Year 

3*aluc 

Year 

Value 

Year 

A^aluc 

1901 

507 

1908 

552 

1915 

583 

1923 

628 

1902 

522 

1900 

556 

ioi6 

581 

1924 

632 

1903 

524 

1910 

548 

1917 

599 

1925 

626 

7904 

.=521 

191 1 

572 

191S 

6 2 

1926 

644 

1905 

53B 

1912 


1919 

597 

1927 

643 

1906 

541 

1913 

5fJ7 

1920 

612 

1928 

642 


537 

1914 

587 

1921 

1022 

616 1929 

608 1930 

(M.A., Cal., 

661 

659 

1935)- 


(9) ]9r.iw a graph of the following tinie-seric5 and study its 

trend 


Year 

Value 

Year 


Value 

1910 

496 

1920 

. . 

1442 

Ji 

615 

21 


1617 

12 

686 

22 


1678 

13 

835 

23 


1791 

14 

8SS 

24 


1916 

15 

loSr 

25 


1883 

16 

1132 

26 


2064 

17 

1139 

27 


2278 

18 

1320 

28 


2368 

19 

1389 

29 


234s 


(B. Com., Cal., 1937). 

(10) Plot llie following Index Numbers of wholesale price 
in U. S. A., and show the general trend of prices : — 


Year 

Index Number 

of Prices 


(1910 — 14=100) 

1800 

129 

1810 

131 

1820 

106 

1830 • 

91 

1S40 

. . - . . 95 
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Anr 

Index Numlxr 
of Prices 
(1910 — I4 = I«X)) 

l8so 

S-t 

i860 

93 

1870 

«35 

j 880 

too 

1890 

82 

1900 

83 

1910 

lOt 

1920 

226 

J930 

126 

< D Com Alld 


(il) Business C>c!cs in the U S A and England arranged 
n chronological order (1796 — 19^3) have had the following 
duration as measured to the nearest )car — 

U S A — 

6 6 5 3 7 3 35 4361364355 

49533343423^23 

Englmd — 

4 6 43 5 464s6jo.7j889Bio. 
7652 

Tnbulatc the above figures in classes of one )car rich and 
calculate the asenge duration of tic bus ness c>clc in each countn 
«epnrattlj 

(B Com Luck 1939) 

(i ) What IS meant by trend’ How would \ou statistical 
1) cl n nale the influence of seasonal and ejele factors on the 
long period movement of any series’ 

(B Com Born 1936) 

(13) The followng are the Monthly Index Numbers of 
Commodty Group (Food and Tobacco) issued b> the Economic 
Adviser to tl e Goxemment of India 
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Prices for zcct'k ending i^ih Augiisl 1939—100 


Month 

Index 

hlonth 

Index 

1941 


1942 


Oct 

127.4 

July 

155-8 

Nov. 

127.9 

Aug. 

158-9 

Dee. 

127.5 

Sept. 

161.0 

1942 

Jan. 

12S.4 

Oct. 

Nov. 

167.2 

172.4 

Feb. 

132-3 

Dee. 

178.5 

March 

130-5 

1943 

190.8 

270.0 

Apr. 

May 

136-5 

144.7 

]an. 

‘Feb. 

June 

152-3 




Fit a straight line trend to the ^%Tt?the 

of the Least Squares and exhibit the graph of the data ^Mth the 

trend. 


/Jilt t T .iirP . lOja'l. 


( 14) Plot the following figure 
their trend. On a separate graph 
oscillations with the trend removed. 


s on a grapli paper and study 
paper show their short-time 


Year 

Value 

1913-14 

264 

-15 

255 

-16 

267 

-17 

267 

-18 

265 

-19 

. . 264 

-20 

263 

-21 

255 

-22 

271 

-23 

289 

-24 

310 


Year 

Y alue 

24-25 

305 

-26 

303 

-27 


-28 

297 

-29 

292 

-30 

304 

-31 

' . . 310 

-32 

317 

-33 

331 

-34 

344 
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(I'i) Followng ire the4otal deposits of all exchange banV^ 
in Indi in crores of rupees Calculate fi\eseir and nine) car 
moving avenges md «ho\\ them gnphicall) 


\ear 

Deposit* 

\ear 

Deposits 

1915 


I94a 

7 t 

16 

38 

26 

P 

17 

S3 

=7 

69 

18 

6 

28 

V 

19 

74 

29 

67 

so 

7b 

30 

68 

i 

7S 

31 

6S 

■>, 


S’ 

73 

3^ 

68 

33 

71 

4 

7« 

34 

73 



35 

76 


t.t6) I It straight line trends b) the method of least squar« 
to the following ilata «prc'vd over iocon«ecuive vears 


(■) 

(3) 

(3) 


I 

30 

no 


s 

iO 



3 

t8 

n5 


4 

*7 

I3a 


5 

16 

150 


6 

15 

ibj 


7 

14 

155 


8 

13 

>7i 


9 

12 

180 


10 

It 



(17) Calculate the seisonaf vanMiw liidev. from the dvti 

gven in exercise (4) (0) 

page 39a 



(tS) Distinguish 

between secular trends seasonal iiiove- 

ments and cycl cal ductuations ta deal np 

with a time 

senes 

i-xpla n carefuHv hou secuhr trend should be measured 




(M A Patna 

wo) 
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(19) Explain fully what you understand by secular trend. 

Assuming a ten-yearly cycle for the following series relating 
to Index Numbers of the Retail Price of Wheat in India 
(1873=100), give the trend values, and represent graphically the 
short-time fluctuations with the trend removed. 


Year 

Annual 

Year 

Annual 

Year 

Annual 


Average 


Average 


Average 

1906 

155 

1914 

200 

1922 

31s 

1907 

168 

1915 

227 

1923 

356 

1908 

226 

1916 

193 

1924 

246 

1909 

203 

1917 

205 

1925 

294 

1910 

170 

1918 

270 

1926 

281 

1911 

153 

1919 

341 

1927 

267 

1912 

170 

1920 

310 

1928 

264 

1913 

177 

1921 

360 

1929 

262 

i 0 



(M. 

Com. Alld., 

1944). 


(20) Write a short essay on “Analysis of Tune Series.” 


(B. Com., Hons , Andhra. 1943;. 


F26 



CJIAPTEU ■v\ n 
CORUELATJON 

R\ack ca\s caMsc bati \uA. \s\m\c fiUed wp 
fortune — these arc the beliefs held Ly some people But these 
beliefs are mcapabl of being justified b> mathematics! tlieory 
It IS therefore clifTcult to sa\ if there really exists any rchi 
uonsl tp between black cats and bad luck and between filled up 
p t hers and good fortune though occasional cotncidcnccs may 
suggest such notions. On the otlier Kami some people belie'* 
that dev'aluation of the rupee from ts fid rate to I5 4d- 
would stimulate India s export trade or that a rise m the 
rale of interest would encourage sa'tng* These tmpresstons 
do indicate some sort of relationship but the) art mere guesses 
until they have been tested b> the mathematical theory of draw 
mg conclusions The theory b) means of "hich ijuantititivft 
cronnections between ti\o sets of phenomena are determined rt 
tailed the Uieory of Correlation 

Meaning of Coirelatlotu 

Correlation means a possible connection rcUlionship or 
nierdcpcndence between two 'cts of phenomena If m each 
of them some factor is numcncally measured and it li d > 
co\cred that changes m the sire of one factor run m sympathy 
with changes iti the size of the other or to say the same thing 
large %-alues of one go wrth large \’alues of the otlier and 
small with small or nr< xersa the two factors exhibit «onie 
mutual dependence which is termed correlation. In other 
words if two quantities vary m «qTnpa\hy so that a movement 
— an increase or decrease — in the one tends to be accompanied 
by a movement m the same or inverse direction m the other 
40^ 
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and the greater the volume of cliange in tlie one the greater 
is the volume of diange in the other, the quantities are said to 
be correlated. 

In natural sciences correlation can be reduced to absolute 
mathematical terms. Heat always increases with light and 
an electric current is always associated with magnetic field. 
These instances suggest a high degree of correlation. But in 
social sciences it is seldom that any absolutely fixed matliemati- 
cal relationship between two variables can be established. 
The law of demand, the law of diminishing returns, Gresham’s 
law, to take a few illustrations, suggest correlation, but this 
correlation is not so perfect as that in the natural sciences. 
Therefore, in inexact sciences we must take tlie feet of 
correlation established, if in a large number of cases 
two variables always tend to move in the same or 
opposite directions. 

Such phenomena are not uncommon in the social and 
economic sphere. We very often see that demand for a com- 
modity generally falls with a rise in its price, that price level 
in a country generally rises with supply of money, that tali 
fathers generally have tall sons,' that young husbands generally 
have young wives, that a taller man generally tends to be thinner. 
In all these cases correlation exists. 

Positive and Negative Correlation. 

Correlation may be positive or negative. If the two 
given . variables steadily deviate in the same direction, 
correlation is direct or positive ; but if they constantly 'deviate 
in the opposite directions, correlation is inverse or negative. 
That is, if an increase (or decrease) in the values of one 
variable is associated with an increase (or decrease) in the. 
values of the other, correlation between them is positive. And, 
if a:n increase (or decrease) iri the values of one variable is 



404 


tvTIStlCS TUEOR\ AND PRACTICE 


■sSocnteO w i i decrease (or increase) m the values ol the 
other Corrja on brt\ een ihtm is ncgatiw One -w-ay of 
detect ng ihc posltl^e and negative rtiaractcr of correlation w to 
plu the t\o related wiablcs on a graph paper that is draw 
orreht on graphs and read the direction of tlic two corves. 
Ifth y run parallel throughout (as thc> do in Figure 3° poge^^z) 
corre ation is direct but if they run m oppos te directions 
correlaVton is imcr«e If general level of prices rises with 
ncrcd«c in the amount of inonej in orcuUtton conelalion 
between raontj in circulation and prices is positive. If with 
an increase tn the production of sugar in India the imports 
of sugar have gone down the correlation between production and 
mports of sugar is inverse. 


Degree of Correlation 

CorreUt on ousts m various degrees The ndius of a a«l« 
bears a perfectly definite relationship with its area so that the 
area increases m a perfectly definite proportion with an increase 
in the radius Similarly the area of a square maeases m a dehn te 
ratio wiih an increase in the length of its s de These art the 
instances where correlation is perfect and positive Correlation 
will be perfectly negative if a fall of jo per cent in the pnce 
of a commod ty results in lo per cent, nse in its demand. Similarly 
there may be instances where no correlation may exist If th« 
height of a house is compared vv«h that of a growing tree over 
a penod of time it may be found that while the height oi the 
house remained unchanged dunng the penod that of the tree not 
only increased but also crossed that of the house Evidently the 
height of the house cannot be associated with that of the tree and 
therefore no correlation exists between them. Correlation may 
ex St m a limited degree If demand for a commod ty increases 
^pnee also increases but not necessarily in the same proportion 
This vs a case of hm led posrtne correlation If area under food 
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crops in a counlrj’ increases, that under non-food crops may fall 
but not necessarily in the same proportion. This is an example of 
limited negative correlation. 

Thus, correlation is perfect positive if an increase (or 
decrease) in one variable is always followed by a corresponding 
and proportional increase (or decrease) in the other related 
variable. It is perfect negative if an increase (or decrease) in 
one factor is followed by a corresponding and proportional 
decrease (or increase) in the other factor. There is no corre- 
lation at all if values in one \ariab1c cannot be associated with 
values in the other variable. In between perfect positive 
correlation and no correlation there may be limited degrees of 
positive correlation. Similarly, in between no correlation and 
perfect negative correlation there may be limited degrees of 
negative correlation. 

Then, we may construct a scale which begins at the top 
witli perfectly positive correlation, passes through limited degrees 
of positive correlation, reaches and crosses the entire absence 
of correlation, and passing through limited degrees of negative 
correlation ends at perfectly negative correlation. Such a scale 
is provided by Coefficient of Correlation. 

Co-efficient of Correlation. 

Coefficient of correlation is the numerical measure of tlie 
amount of correlation existing between two variables, subject 
and relative. That variable which is used as tlie standard is 
called the subject, and the variable which is compared with the 
subject or measured in terms of the subject is called the relative. 
Generally Karl Pearson’s co-efficient of correlation is used. This 
coefficient varies between -hi and — i. When the coefficient 
readies unity it is assumed to be perfect. Perfect positive corre- 
lation is indicated by + i, perfect negative by — -i, no correlation 
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on conjplele nJcpcndcnce b> o 3 *k 1 corrdation b> tbe 

intermed ate ^ahJe^ of ihc coefiiaciH 

Stu(l3 of Correlation. 

Coirelatiotv maj be «^tiKlied b«t'^c«\ (i) tv.o related 
Li«torical x-ambles and ( 2 ) between an) other two groups of 
related phenomena Correlauoii maj for instance be studied 
between output of <ygar in India and imports of it over a 
jienod of time to find whether with iht incrcancnt in output 
m the count!) impons haic fallen. \\ may be studied between 
<upph of a coinnioditt and ns price otcr a penod of tune 
to hnd whether price falls with increase m suppt) Thc«e 
are examples of histonal variables Corribtion ma\ be studied 
between the length and breldih of the leaves of a certain 
tiee to find the relation bclween their length and breadth 
It nia) be studeil between suture of fathers and stature of 
«ons to find if tall fathers gencrall) have tall «ons. Both these 
are examples of nonhtstoncal related phenomena. If however 
one produces figures to show that as the production of cane* 
sugar increased in India that ol motor cars fell tn the U S A- 
over a period of time or as the length of \ leaf mcrea*^ 
the breadth of ^ leaf decreased tbe«< inswanoes would not imply 
correlation unless there is reason to believe that production of 
cane sugar in India and of imitor cars in the USA are related 
m some way or the length ol X leal and breadth of \ leal are 
groups of relaltd phenomena 

Karl 'Penrson’s Co.^cieat ol Correlation. 

To determ ne the degree of Corrclalion between two re- 
Jated variables the co-effiaent of correlation devised bv Karl 
Pearson the great biologist and <tatistiCTan is the most satis 
factory This co-effiaent iS calculated bj divndmg the product 
of all the devnations of each pair of observations from their 
rcspecuve means by the product of the standard deviations of 
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Uie two variables and the number of items. Thus, if Xx, X2, Xs, 
etc,, be the deviations of the values of tire first variable, the 
subject, from tlie arithmetic average, and ;yi, y^, y^, etc., be the 
corresponding deviations of the values of tlie second variable, 
the relative, and the summation of the products of Xi with yi, of 
X2 with yt, of, Xs Avith y^, and so on be represented by ^xy\ 
and furtlicr the standard deviation of the subject be <r, and of 
tlie relative era, and n be equal to the number of pairs of obser- 
vations, then r, Karl Pearson’s coefficient of correlation, will be 

txy 
n or, O'! 

When ^xy is positive, ^correlation will be positive; when 
%xy IS Negative, correlation Avill be negative. It is the numerator 
which largely regulates the size of the coefficient. If positive 
items in one scries arc associated with positive items in the other 
series, or if negative items m one series are associated with 
negative items in the other series, the coefficient of correlation 
is positive. This means that if items larger than the arithmetic 
average in the subject are associated with items larger than the 
arithmetic average in the relative, or items smaller than the mean 
in the subject are associated Avith items smaller than the mean in 
the relative, the correlation coefficient Avill be positive. If, however, 
positive items in one series are associated Avith negative items 
in the other or vice versa, the correlation co-efficient Avill be nega- 
tive, Wheh positive and negative deviations in the tAvo series are 
indifferently associated, correlation Avill tend to zero, and Avill reach 
that limit Avhen negative products of deviations Avill be equal to 
the positive products of deviations, i c , Avhen %vy Avill be zero, 

t 

Calculation of Pearson's Correlation Co-efficient: Direct 

Method. 

Example 1. Required to calculate co-efficient of correla- 
tion between ages of husband and Avife in a given community 
at a certain time, using the direct method. 



4o8 statistics TIIIOHY AM» MACTICf 

TabI ^ I a cnla ton of Pfcrtottun Coffieti-nt of Corrolo'yyit 
{'i‘’‘<.ron a^t of huil'Of/i ord xi’ifr 



ft or mimbcr of parrs of <rfKcmtion5=f5 

Standard d^ialion »s drtrrmsncd by t!« formula', 

- In table S3 the <f/ m U»e X »en« are call«i 
those in Y scries, ys Atcordingly the formula for computing tl e 
standard de\ialion of the X senes is for that of the 

Y senes 

» « 

• fW T*ble 23 Chapter 3CI pAge 193 for eomnattog atanjard Jerl* 
tiott the Direct Method. * 
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0 - 1 = ^/?£l =^136-001 years 
V n 15 


and (r2=-J^^=:-/£3§ =3.03 years. 
V ji \ 15 


n 

n<ri CTj 

_ +122 


= + .89. 


15X3.01X3.03 
.89 indicates a very high degree of positive correlation, 
implying that the age of wife increases with that of husband. 


Calctilation of Pearson's Co-efficient: Short-cut Metiiod. 

In the above example the averages of the ages of husbands 
and wives were w'hole numbers. Therefore, the calculation of 
the deviations of ages, the mean, their squaring up, and their 
multiplication did not involve any trouble. If, however, the 
averages contain a fraction, these calculations would involve much 
labour, to do away with which the short-cut method may be used. 
In using it, any whole number may be assumed as the average, 
deviations from it calculated, and squared, and the standard 
deviations computed according to the short-cut method of com- 
puting the standard deviation. The deviations of the two series 
are multiplied and summated. The resulting xy should later be 
corrected by subtracting from it the product of the differences 
between tlie true means and the assumed means of the two series. 
Thus, if p be the true average of the products, i e , true or corrected 
value of %xy, then 

— r (02— a-2) 

n L 

where, Ot stands for the true average and Wi for the assumed 
average of the first series, and Oz stands for the true average and 
Xz for assumed average of the second series, and Sary is the 
summation of the .products of deviations from assumed means. 
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Then the co-tfTicient of correlation or, r= — t — 

IT, 

The abo\e two processes may also be combined into one 
formula so that iivithout changing what the sjTnbols stand foi 
^_ Zry— w Qo.'-x,) * 

n €t,«T, 

Example 2 Required to calculate the co-cfBcient of correla 
lion between birth rate and death rate of a few countries of the 
world during 1931 using the short-cut method 

Table 54 CaJeulahon of the Pearsonian Co efficient of 
CorrelatiOH be*zi.i.cn birth rate and death rate for a 
fcio countries of the Kortd for 1931 
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JI2 or number of pairs of observations =15. 

01 or True arithmetic average for the first scries 

= ^=25.67 
n 15 

Let Xi, or Assumed average for the first scries ^26 

02 or True arithmetic average for the second series 

n 15 

Let Xz or Assumed average for the second series=i5 
Standard deviation, using the short-cut method, is determined 

by the formula, -yj-- in table 54, d ’s in the 

7 t 

first series are called :r’s; those in the second series y’s. 
Accordingly, the formula for computing standard deviation of 

the hcst seties ^ and for -that of the 

^ n 

second series, 

' n 

^1 989— IS (25-67—26)^ ^ 

and <r2= =5-6 i2 

r= » [(«!— -yi) (02— -.vi) ] 

n <Ti 0-2 

= +81 9—15 (— -SSX.IS ) 

15X11.5X5.612 

= + .848. , ’ 


+ .848 denotes a very high degree of positive Correlation 
between birth-rate and death-rate of the given countries of -the 
world. 


’ Sec Table 25, Chapter XI, page 201, for eomputint 
tiou by the Short-cut Method. ^ 
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Co eflicient of CoirelaGon for I/mg-vnme Changes 

In the above two examples the vanalions in the items relate 
to a specific time. Correlation nia> also be studied for histo- 
rical data, that is, data stretched over a period of time. Histoncal 
data may relate to (i) Longtime changes and (ii) Short time 
oscillations In computit^ the co-<rffictent of correlation for 
long time changes the method used in example i, or if need 
be, used m example 2 shall be followed throughout the items and 
deviations from the mean for the same date being paired together 
In computing the co-efficient of imrrelation for short time 
oscillalioiia this metliod will be modified 

Pearson’s Modified Co-eOideni for use tnUi Sbort-Tiine 
Oscillations. 

It IS possible that the short lime changes m two variables 
may be in opposite directions while the long term changes may 
be in the same direction Then, if co-efficient of correbtion of 
such variables is computed by the method used m the fore- 
going two examples, a large positive co-effiaent would result 
>/hich would not take any account of the opposite direction 
of the short tone osciHalions Correlation co-efficicnt computed 
from actual items would consequently be misleading We 
should therefore, be concerned with short time osallations onl> 
and rid our data of the longtime variations* To do it we 
should discover the trend and eliminate it by computing the 
dcvulions of original items from the trend These deviations 
should be multiplied togeUier to yield Svy And these devia 
lions again should be squared up to compute standard devia- 
tions Thus the modification made m the ongmal formula is 
that deviations of the items are taken from the trend instead 
of from the arithmetic average Example 3 demonstrates the 
working of this method 

• S9® 0>{>t«T XVI for of longtime varellons.' 
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sr;;t S7ss.;gg"! : 





rHve-yearly (^cli bas been assumed in tlie above senes and 
decimals have been ignored in computing the moving ayemge 
Greater precision could be achieved by carrying out the 

„ or number ot pairs o£ observalions=lt, since on y the 
years 1922 to 1932 can be used in computing the co-efficient. . 

■ v.= Jl£l= 

\ n ‘ tt 
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».= JSl = •</®°!-=VS 4 6=7 389 

'' ff ' II 

r— =r___n_®S =*“937 

nffff, 11X3742X7389 

— .937 denotes a \cry I gh degree of inverse correlation 
l>etween supply and price for short penod indent ng that as 
supply increases price falls and vtce vtrso 
Calculation of Correlation Co-eOident in Grouped Senes. 

In the fore gn three examples the gven senes relate to 
quant t es ind dual ohsenat ons Corrcht on of grouped 
senes can also be s m Urly stud cd \\ c may itteasure an ade- 
quate number of pairs of values for each member and find 
^ hat toIucs are assoc ated together and how often the same 
alues are repeated When this 13 done we on group our 
data into a table of double entry or cent ngenc> table Sub- 
pose we fnd that tn two class tests — one in Econonucs and 
the other in Geograph) -—at \ h ch 60 bo> s w ere examined the 
following were the results — 

Table 56 Trtqutncy distribution of Moris tti Eeonomtes & 
Gfoffrafhy 
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If we desire to study tlie relationship between the know- 
ledge of Economics and that of Geography with the help of 
the above tno series, we would need some more infdrihation: 
we should know what values of the two series arc associated 
together and how' frequently the same values are repeated. 
Suppose we find that one boy who got marks ‘ varying bc- 
tw’cen 5 — 15 in Economics also got marks var}'ing between 
0 — 10 in Geography, that three boys who got marks varying 
bfehveen 5 — 15 in Economics also got marks varying between 
10-^20 in Geography, and so on, we can prepare a table of double 
entry as follows ; — 


Table 57. Correlation Tabic for marks in Economics and 

Geography. 


Y 1 

Marks in, ( 

X I 

Marks in Economics j 

(max. marks. 50) | 

Total 

Gcogra-phy 
(max, marks 
50) 

5—15 

15—25 



fv 

0—10 

B 

1 


WKM 

2 

10—20 1 

i * 

C. 

5 

BB 

15 

to— SO 

1 ' ' 

i 8 

1 

9 

1 ^ 

20 

30—40 


3 

9 

3 

15 

40—50 



4 

4 

S 


m 

18 

27 

10 

1 60 


Table 57 shows the grouped frequency distribution of two 
rariables. This distribution may be termed as Bivariate Ere- 
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qucncy Dismbuiion and the taWe as Contingenc) Table Bui 
if we ar- particiJarl^ jntcrested m the relationship between 
the two \-ariables this table of double entrj nia> be designated 
as Correlation T^ble. 

Example 4 Bcquircd to compute correlabon co-effiaenl 
from the data given in table 57 

[To compute the co-cfficient the fonnula used jn example t 
where devnaiions were calculated from the true mean, or the 
formula used m exercise z where dev'vaUons ^ere calculated 
from the assumed mean may be used m this example too The 
lat^r procedure sates much labour and, therefore, it will be 
adopted in the gnen case.} 

In tables eS and 59 bdoiv we calculate the standard dcrutioos 
ol the X and the V senes relating to marVs in Econooacs 
and Geography, respectively !,« the. assumed averages, Xi 
and Xt for the X and the Y senes be respectively 30 and 35 marks 


Table 58 Coleuiaiton of ^loniordf DcitaitoH of X senes 


1 

Starks 

group 
(11 1 

Slid 

/ 

Prwluft cf . 
aid rahie te 
freqnenry 

"/ 1 

^irnatioBl 
fr«J ^ 

*Tei»fie 1 

(’P 

[ 

1 denation 

i d-. j 

Prodart of 
frtqoeney t 

denntieft 

/d*. 


( 5 ) 

W) 

(<) 1 

1 (O 

1 miV 

m !>' 

5—15 1 

10 

s 

& ' 

—10 1 

400 

£000 

15— S5 1 

20 

18 

360 j 


100 

i 1800 

25—35 

1 30 

1 27 

BIO ' 

0 1 

' 0 

1 0 

35—45 1 

j « 

i 

400 

+10 1 

100 

1000 

1 



<1=60 



j 2d'j=*S09 
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.Vj. or i\.ssuincd Average=30 marks. 


or 'I rue Average — — — — 1620 marks 

^ 60 

' » 


_ u8oo-~6o (27 — ^o)~ 

~V 60 “ 

= ^71 = 8-125 marks. 


^ablc 59. Calculation of sSifaiulard Deviation of 1 ' scria. 


Ifark^. - 
group i 

(Ij 

i 

j 

[Mid- 1 
1 \aluo ' 

j in 

1 (2) 

i’rc- 

queuty 

/ 

(3) 

Product of 
niid-taliic A 
frtquencj’ 

mf 

(J) 

i 

Di'ontiou 
from 
a-.buino(i 
moan 
' (23) 

4 ff 

! . 

1 Square 
( of 

(iDViaUOTi 

1 (6) ' 

' . .1 

Product of 
frequenej' L 
“qunro of 
deviivlion 

D) 

0 

1 

0 

i 

0 

1 

1 “ 

10 

—20 

0 

0 

1 soo 

10—20 

lo 

i 15 

225 

• —10 

10 

VM 

I 

20—30 

23 

! 

20 

. 500 

0 

0 

0 

30—40 

33 

i 35 

525 

-}-10 

100 

1500 

40—30 

45 

8 

300 

+20 

1 

400 1 

3200 



1 'rt=G0 

1 

^m=1020 


1 

vd „~7OQ0 

/ 


or Assumed Average=2S marks. 


■«2 or Trite AYerage= 
F 27 


2wf 

« 


— I^ 35 —= 2 j marks. 
60 
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g _ H (g ^x Y 


_ h<x>— 6o (27 —0 »* 
' 6o 


- ^ 11^66=10614 imrks 


\o%v ihi \aluc of i-r> nmams to be <k-tcnttin«J TjbU 
60 shows the mOho<l of determining tt il., tJcMalions from the 
assumed mean m \ senes shown m column (5) table aro 
fj delations from the assumed mean in "i senes shown m coliS m 
(5) table 59 are taken to table 60 IvcUtcd pairs of llc^utIOns 
are first multiplied and the product put down m the left hand 
lop comer of their rcsjKClne cells Thus — ^20 rf, is muU plied 
with --20 d , and the product placed m the left comer of llw- 
cell formed by the 1st row and the ist column — so d, md 
— 10 Tfc multiplieil and the product placed n the left correr 

of the cell formed bj the 2nd row and the isl column — 10 
J , and + 10 d arc multiplied and ih^ product — 100 pbeed 
in the left comer of the cell formed I j 4th row and 2nd column 
md 50 on 


These products of d, and nrc multiplied by their respcclne 
frequenaes placed in the centre of their respective cells The 
final products arc placed in the nght hand bottom comer of thetr 
respective cells These final products when sunimatcd give the 
This summation refers to the assumed averages and wiU 
therefore, as m example be corrected bj subtracting from it w 
times the product R)f the difference between true and assumed 
means of the two senes 
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Table 60. 


Calculation of Summation of Products of Deviations, 


{Xry) 


Column. No. | 

1 ! 
1 

0 

3 

4 


Eow 

No. 

Murks 

1 

Y 1- 

1 

1 

( 

1 

1 

X j 

.1—15 


25—35 


Product 
of d X 
and d; 
and fre- 
quency 

f«y 

\ 

; 

j — 20 


0 

4-10 

1 

i 

0—10 1 —20 1 

i 1 

' 400 1 200 

'ill 

400 1 200 

— 

— 

1 690 

2 j 

i ' ! 

10—20 —10 

1 1 


0 

.1 

0 

—100 

1 

—100 j 

1100 

1 i 

3 i 20—30 

1 

1 

1 

iO , 

0 1 ^ 1 

0 ' 8 

0 

9 

0 

0 

2 

0 

1 

1 

1 

9 

4 

30 — 10 1 


0 

<) 

0 

100 

3 

300 

0 

5 

40—51) 

bhh 

0 

4 

0 

200 

4 

800 

800 


Product of d „ 
and d) and frc- 
1 quoncy. fxy 

1000 

500 

■ 




%xy-^i [(cfi— -Vi) (oo — -r.)] 


uvi 

2500—60 [(27—30) (27—25)] 
60X 10.6i4XS.486 

2860 


5403.587 

= + •53 
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■+ 53 ind cates a moderately h gh degree of positnc comla 
tion between Economics and Geographt 

In die above example it Mas assumed that the \-afucs of 
the various frequencies in the X and the \ senes were equal 
to tl e mid ^~llues of their class intervals Accord ngl) the 
ceiiations standard deviations and products of deviations 
liad reference to the mid values of marks groups No doubt 
a particular class interval includes all values between its class 
hm Is but the assumption we have made does not generall> 
create a large d ffcrercc in the resuh and is usually adopted. 

In examples i 2 and 4 correlation is positive but no 
perfect A simple example of perfect positive correlation is the 
following — 

Number of persons X» 2345678 

Number of eyes s 4 6 8 10 12 I4 16 

Correlation co-effiaeDt m the above senes wall be + 1 

Assomptloos of Pearsooiaa Conrlaffoa. 

Karl Pearsons co-efHcicnt of correlation is based on two 
assumptions 

(1) In each of the Sittes eorrMted a Iprr/e ivnety of tndc 
pendent causes are <t/<rrati«p so as to produce nonnal distnbu 
iion Such causes for example arc vanations in dimatc nourish 
ment phys cal training envnronnient The senes resulting 
from the effect of such independent contnbulory causation 
would show normal d stnbution Such causes were for instance 
operating in the detenmnation of ages of husbands and waves 
in example I 

(2) The forces so operai ng ore related m 0 cousal rtuv If 
the forces are independent of each other there would be no 
correlation If the height of a house remained unaltered while 
that of a growing chid increased there would be no correlation 
betveen them s nee the causes affect ng one vanable would 
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not be found to affect the otlier, that js, the sizes in one could 
not be said to be assofciated with the sizes in the other. 

Characteristics of Pearsonian Co-efficient. 

Karl Pearson’s co-efficient of correlation is zero when 
independence between two \'ariables is complete and is unity 
when there is perfect correlation, i.c., when connection between 
the variables is rigid. It always raries between-!- 1 and — 1 and is 
a sensitive measure of the amount of correlation. It is based on 
all the observ’ations of the given variables and is independent of 
the units in which tlic ^•ariablcs arc measured. 


Probable Error of tlte Co-efficient. 


Probable error is a measure which when added to or sub- 
tracted from a most probable measurement gives the limits within 
v.'hich it is probable that an item of the same nature, if selected 
0/ raudoDij will fall. 

Co-efficient of correlation also has a probable error. It 
is that amount which when added to and subtracted from the 
average correlation co-efficient gives amounts within which the 
probability is that a co-efficient of correlation from scries selected 
nt random from the same universe will fall. 

The formula for the probable error of Karl Pearson’s co- 
efficient of correlation is 


•6745 


I — 


where, r is the co-efficient of correlation and n the number of 
iicms paired. 

The probable error of the co-efficient of correlation, -b.^ 
between tlie ages of husband and wife computed in example i 
w ill be 
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The co-cfiicicnt of correlation for the example under con 
«ideraiion should, therefore, lx. wntien as 
r= + ,85+ 036 

Pwt IS the co-cfTicicnl of correlation lies IxWecn 036 and 834 
Interpretation of Co-eJTieient of Correlation 

As already pointed out the co-tflictciii of concbiion 
for a gi\cn pair of %anab1i-s must he U.txsecti'*'! (perfect 
<hrcct correlation) and — 1 (perfect imerse correhlion) \\hen 
ihc CQ cfiicicnl IS Zero it indicates conipKic absensu of corre- 
lation So when the co-efRttent i% or o\i:T the degree ot 
correlation is obviousl) high 

U nu> be T'Vcd ubtlher corrchtion belt ceti “» pten 
pair of \anables as indicateil bv the confficicht ts sijjni 
hcant This can be answered in the light ot the folloiting four 
empirical rules bTsc<l on the it's of probable error of the 
co-cfncicnt 

(1) If r is less ilian iht probable here is no c\i 
dcnce of corrcbtion 

(2) If r ji more than six times the probable error corre 
btion IS s gnificant tliat is its existence is a practical certaml) 

(3) If tin probable error s relatnsl> small correlation 
•■hould not U considered at all marked when r is less thon 03a 

(4) If the probable error is relatitcl> small correlation is 
decidcdl) existing when r is above 050 

In example 1 r is nearly 23 times the probable error 
Correhtion i' therefore significant We can now sa} that 
the CO efficient of correlation in the example actuall) lies between 
9 6 and 854 and that another co cfticicnt comput^ from senes 
chosen at random from the universe front which the given senes 
'^as Selected would fall within this range 

It may be noted that the probable error at limes leads to 
wrong results unless r is small and « is large In order that 
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the formulae for co-efficient of correlation and probable error may 
yield satisfactory results, n should be considerably large. 

The above four rules nnisl be kept in view while inter- 
preting the correlation co-efficient. When a correlation co- 
efficient, it may be added, is found to be significant, it should 
not be implied to mean more than what it does. For instance, 
i'l example 1, correlation between ages of husbands and waves 
i*^ strong positive. It simply shows a connection between the 
two age scries and does not necessarily mean that every young 
husband has young wife. .Correlation, is true on the 
average. A particular old man may have a young wife or 
two wives, one young and the other old. Again, if 
supply’ and price in example 3 arc negatively correlat- 
ed, it does not mean that increase in supply is the nnly 
cause of fall in price. There may be several other causes too 
leading to this particular ‘effect’. Similarly, if marks in 
Geography and Economics are positively correlated it does not 
imply that the two subjects arc necessarily related as cause and 
effect. Know’ledge of one subject may be helpful in the other, 
but the con elation may' also be due to some third factor, c.g , 
adequate teaching in both the subjects. So a direct cause and 
effect relationship Ig not always and in all cases estab- 
lished by the fact that tw’o series are correlated. 

Co-efficient of Concurrent Deviations. 

So far w'c were concerned w’ith only’ one method of 
measuring correlation whicli may’ be tenned as the "Sum 
Product" method, since the measure is dependent on the sum 
of the products of the deviations. If, however, a measure of 
association in the direction of change alone is desired, the method 
• of concurrent deviations may be used. 


In example 3, we have used the modified method of 
measuring co-efficient of correlation for short-time oscillations. 
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ComWvtion l>\ Qrai^hic 

Whik d soissmg positive and negninc corrtl^ition it was 
pomtid ovit thTt one way of detecting the negativt or positiu 
chiracter of corrclUion is to dnw corrclitioi} and 

r'vd the direction ol the curves This method is illustrate 1 
m 1 igvtrt 30 below m which monthly figtires rilating to volume 
and value of exports of ncc bj scr from Ind ^ given in table 63 
arc plotted. 

Tabic 6. V a honi, Tral — riforts (f alu atd 

VoUii »■) of Aice (wal i« husk) ui 1041 4.. 


hlosth 

\otutae 

\ntue 

Aprl 

To»e 

(000) 

If 

(DOOM) 







July 

10 

*•0 

Anguit 

”7 

44 

Sepiemtrff 

43 

C9 




NorecntKr 


‘O 

Peceioher 

-0 

3t 

J&ouArr 


3- 

Februnr) 

33 


llareh 


43 

ATCrage 


40J1 


In drawing correlation graphs the choice of scales and 
base line should be so made that if "lines representing averages 
of the two senes are drawn parallel to the base they would be 
-s close to each other as possible There is no objection to 
taking a false base line if jt is required for bringing the two 
average Imes nearer each other By drawing the curves on 

* Compiled from the jtfontWjf farxy 0 / But luts Cond t out w T'ld'i 
August 1040 
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such base luic and scale their fluctuations would he tin own into 
proper relief. 


Csinvs rcprcsou'iug z'ohimc and vohic of I'lco cxpo?-h'd 
from India 



In Figure 30 the lines showing average volume and average 
\alue arc close to each other. They may have been brought 
still closer or made to overlap each other. But, thereby the 
two curves, the nature of their series being such, may also have 
overlapped each other, at least for a large part, and tlieir graphic 
display tvould have been spoilt. The curves, as they are drawn, 
serve their purpose alright. They run remarkably parallel to each 
other throughout their upward and dow’nward journey. They, 
therefore, indicate positive correlation betw^een volume and 
value of exports of rice during the several months of J 941-42. 
Similarly, w'ith another correlation graph we may have found 
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that both the cunes steatl»l> ran in opposite direction , jielding 
negatiic correlition between the senes 

But correlation gnphs ire not capable of doing ani thing 
more than suggesting the fact of a possible relationship between 
two variables Wc can certamlj note from them whether 
t'ucluations igrec throughout their courses, whether both of 
them nse ind fall together, whether maimia and minima occur 
at the same dates and so on but wc can neither establish anv 
causal relationship between the two Mnablcs Jior obtain th** 
exact degree of correlation through them The) only tell us 
whether the two variables arc pO'Uively or negativelj correlatcil 

It ma) be observed that in imestigitiiig (Musal relations 
ratios help more than quantities If two vanables arc really 
related to each other, the proportioail increase or decrease in 
one may V'ary diredy with the proportional increase or 
decrease tn the other Consequent!), rcscmbbnce betweei 
two curves may be brought out distinct)) if the loganthmu. 
scale IS substituted for the natural scale 1 he same can also be 
done by reducing the two varobics to index numbers and 
plotting them on a graph with common baic luK and com 
mon vertical scale rreference ma) be given to loginthmic 
scale over the natural scale for the additional reason that wTong 
and deceptive conclusions might be drawn if scale ire shrewdly 
manipulated and base lines not inserted correcth whik Using the 
natural scale 

If two given senes show fluctuations with time and wc 
are interested m the correlation foe long time and for short 
time changes a different method of cwnponson will K followed 

CSrapluc Correlation of Time Changes. 

In example 3 vve liave used a modifieilion of Pearsons 
method for computing the corrclitioa co-efhcient ITie reason 
for the modificalion is tint if we desire to di-covvr the 
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relationship of short-time oscillations we should rid our 
data of the long-time variations. If the annual index numbers 
of supply and price in table 55, page 413, are plotted on a graph 
and their correlation is studied, it would be found that it is nega- 
tive, the wo curv'es moving in opposite directions. If long- 
period changes arc compared by plotting the 5-yearIy averages 
given in columns 3 and 7 it will be seen that as supply shows 
a rising trend from 1920 onwards the price show's a dow’nward 
trend from 1920 upto 1928; but, after 1928 even -widi an 
upward trend of supply the trend of the price is also upw’ard, 
which fact may be due to increase in population, prosperity or 
change in-demand. A comparison of the long-time changes after 
1928 would, therefore, suggest a positive correlation, while that 
of those before 1928, a negative correlation. But when the long- 
time variations are eliminated and wc arc left with short-time 
oscillations, as gir'cn in columns 4 and 8, w'c may plot these 
deviations on a graph (as we did in Figure 29) and observe 
a marked relationship between the two curv'cs, now completely 
unobscured by long-time changes. \Vc would sec that when 
one curv'e rises the other falls and vice versa The fact of negative 
correlation would thus be made clear. 

It follows, therefore, tliat to study the correlation for long- 
time changes in a time series we should plot the moving averages 
of the two series and compare their directions, wiiile to study the 
correlation for short-time oscillations w'c should plot tire deviations 
from the trend and observe tlieir movement.^ 

tag and its Use. 

Not infrequently it is found that while tw'O given histori- 
grams exhibit similar movements thereby indicating the existence 
of correlation, the crests and troughs of the waves in the graphs 


° See in tliis connection ^Comparison of time changes in two histori- 
grams. Chapter page 393, 
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«lo not CO nctde one cunc lagging behind the other Tins may 
be due to the fact that the effects follow the ‘ causes onl> 
after an inttr\'a\ of time tas chifised between th«tn Tot instance, 
ncrcanicm m the suppl) of money enuses a nsc in the general 

of pnctS which m its turn leads to t rise in the cost of 
Inmg but it takes time for nsc in the cost of living to result 
from mcrcanicnt in the supply of monct 

When bg IS known to exist it will be will to allow for it 
by lagging the effect curve so that the curve mtj be made com 
parable wuh the cause curve. An casv way of determining 
the period of hg is to plot the two senes on one graph— i f 
draw correlation graph— ond read the time-distincc between the 
peaks of the two curves Suppose cost of living index shows i 
nsc three months after the rise m the vndex of supply of money 
linn tlie period of hg is three months To allow for it the cost 
of living curve should be Lagged by three months Thus in com 
puting the co-cfiicient of correlation the index of money for 
January should be paired with the index of cost of living for April 
index of money for Tebruary with index of cost of living for Mav 
■ml so On The underlying pnnciplc i» that the dates coupled 
together should be not identical but so different that the resulting 
vorrehlton will be the h ghost 


1 xrRQSLS 

ti) Discuss fully what IS meant by theco-efiicicntof correh 
i on and how it is measured and interpreted 

(B Com Alld 1942) 

(,-) Define correlation coefficient What inferences can you 
draw from the values +1 o and — i of this co-cfficient? 
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^.3) What is correlation? Explain how you will use the 
following methods in determining correlation: — 

(t) Graph, (ii) Correlation (able, (iii) Karl 1 ’earson‘s 
Co-eflicient of Correlation. 

(B. Com., Agra, 1940) 

(4^ I'ind graphicalh' if the volume and, value of imports of 
liquor data for which are given in exercise 14, Chapter XV. page 
376, arc related to each other. 

(5) Find giaphically if the volume and value of imports of 
capital outlay and gross earnings from the data given in exercise 
12, Chapter XV, page 375. 

(6) Find the correlation between exports and impoits for 
1920-21 data for which a»e given in c.xcrcise 7, Chapter XV, 
page 373. 

(7) Compute the co-efficient of correlation of the short- 
time oscillations from the data relating to indc:c numbers of X 
and Y (for the 1st 16 years only) given in exercise 3, Chapter XVT, 
page 394. Assume 5-ycarly cycle and ignoie decimals. 

(8) Find the Pearsonian co-efficient of correlation between 
Index Numbers of Prices of Cotton Shares and those of Coal 
Shares from the data given in Exercise 24, Chapter XI, page 219. 

(9) wj— 4-5 and a2 = 3.6 are the standard deviations of 
two groups a'l, .v-. -V;, .... .r'n and Vi, V; . . . . and S.ry=48oo, 

;j = iooo. 

Calculate the co-cfficient of correlation between the above 
tw’O groups and interpret it. Also give the probable error of the 
co-efficient. 

( 10) What is meant by the probable error of co-efficient of 
correlation ? Why and how is it measured ? 

( 1 1 ) _ Calculate the co-efficient of correlation between the 
total receipts and the passengers given in exercise 27, Chapter 
XI, page 220. 


(B. Com., Alld., 1932). 
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( 1 The indct numbers of pnccs oi ill com fnl i s i 
Bon b and m Calcutta were as under — 


Month 

Index number of 

In foc nu ber 0 

Lonuroil tv pnces 

Comnodi pnc(^ 


in Calcutta 

in Bom^ 

Mat 194 

169 

“OI 

June 194 

iS 


Jul> 1Q42 

iR^ 

a 

\ogust ig-t 

>9- 

8 

S "p ember i<^ 

19R 

229 

October 1942 

x»9 

'•33 

November 194“ 


240 

December 194-. 

-38 

'’66 

January 1943 


■’aS 

Tebruarj 1943 

^a3 


Do V ou th ok prices m Bombav and in CnJcutta arc corubted 



Oi ^ Agrr JfH4) 

v{i3) The follow njj table p'*e> the valu of exports of ntA- 

cotton from India and the value of the imports of manufvcttired 

cotton goods into India Junng the ynrs 1913 14 to J — 


(In Crorc> of Rupees) 


r-cpims of 

Imports of manufac 


Raw Otion 

tured Cotton GockL. 

Year 



19*3 t4 

d** 

«;6 

191'’ 18 

44 

49 

I9t9-'X) 

58 

53 

1921 •’ 

55 

«;8 

19-3*4 

89 

6a 

19^30 

9S 

76 

1931 33 

66 

58 


Calculate the co-effc em of correlat on Ijet \e«i ihe A-alue of 
the exports of raw cotton and the value of the mports of cotto i 
n anufactured goods 

(M A. CaL 193“) 
(B Cera. N-ig 1^51 
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(14) Calculate the co-efficicnt of correlation from the follow- 
ing data: 

Amount of clicqxies cleared in Calcutta and Bombay Clearing 

Houses. 

Crores of Rs. Crores of Rs, 


Year 

Calcutta 

Bombay 

Year 

Calcutta 

Bombay 

1925 . . 

1018 

519 ’ 

1933 

824 

646 

26 . . 

959 

421 

■ 34 

.. 864 

683 

27 .. 

1024 

398 

35 

•• 939 

750 

28 

1088 

543 

36 

. . 899 

721 

'29 .. 

9^ 

800 

37 

•• 993 

837 

30 .. 

893 

712 

• * 

• • 

• . 

31 

756 

640 

• • 


. . 

32 .. 

747 

646 

• • 


• • 


^5) The following table gives the wholesale price index 
numbers for Calcutta and Karachi for tlie period 1927-1941 : — 


Year 

Calcutta Index 

Karachi Index 

1927 

Numbers 

(Base : July, 1914) 
148 

Numbers 

(Base; July, 1914) 

137 

1928 

145 

137 

1929 

141 

133 

1930 

1 16 

108 

1931 

96 

95 

1932 

91 

99 

1933 

87 

97 

1934 

89 

96 

193s 

91 

99 

1936 

91 

102 

1937 

102 

108 

1938 

95 

104 

1939 

108 

108 

1940 

120 

116 

1941 

1.39 

120 

(a) Calculate the co-efficient of correlation between the 

above two series, and state what it Indicates. 

{b) Point out whether the Calcutta indices are more variable 

than the Karachi 

F. 28 

ones. 

(B, Com., Alld., 4944). 


.F. 28 
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f Lalculale the CO tfltcicnt o{ corrtlatton between the ow 

of livHig and th** «et:K.J> wage rates from the following dita — 


Date 

C^t of Living 
Index 

Index of Weekly 
Wage Rates 

ipro 

15* 

*55 

1921 

110 

120 

1932 

t 02 

99 

1923 

101 

98 

1924 

«OJ 

lOl > 

1925 

too 

tot 

1926 

too 

102 

1927 

96 

TOO 

1928 

95 

99 

1929 

95 

99 

*930 


9S 

«93» 

U 

96 

*933 

81 

(Mjv , aIij , 1937) 


(17) The followit^ table pvw the number of students 
having different heights and weights 


Height In j 



Me C*>1 w fViiiiOj 


Total 

80—00 

9(>_400 

Jioo-no no— ISO 

itso— UO 

50—65 1 

1 

3 

1 - s 

* 

IS 

65-60 ^ 

^ 1 

4 

to T 

'Z| 

1 2T 

1 

\ 

5 

U j 18 

1 ’ 1 

U 

es-jo 


i = 

j 8 6 

rr 1 

8) 

Total 

4 

1 IS 

1 3' 1 <>t 

to ^ 

1 too 


Do you find any relation between height and weight’ 

(B Com.AUd 19-40) 
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^i8) The following table gives the index numbers of in- 
dustrial production of Great Britain and the number of re^stered 
unemployed persons in the same countr)' during the years 
1924-1931 


Year 

Industrial 

Number of registered 


Production 

Unemployed 


(Index Number) 

(Hundred thousand) 

1924 

100 

11.3 

1925 

102 

124 

1926 

104 

14.0 

1927 

107 

Ii.i 

1928 

lOS 

12.3 

1929 

1 12 

12.2 

1930 

103 

19.1 

1931 

94 

264 


Calculate co-efficient of correlation between production and 
the number of unemployed. 


(B. Com., Luck,, 1944). 


‘'^19) Find the correlation co-efficient 
father and son from the follotving data; — 


between heights of 


Height of father 
in incites . . 

1 

6S 

66 

'67 

67 

68 j 

! 69 

1 

73 

Height of son 
in inches . . 

1 

67 ! 

68 

64 

1 

68 

1 

72 { 
1 

70 

' 69 

70 


(M.A., Alld., I04o). 
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(B Com Bom, 1936) 
(2*) foUoiMng table gives the frtijueJiqf, according to 

age-groups 0! marks obtamcd by 65 students m an intcUigencc 



300—350 
350 — too 











CORRBlvA'TIOK 


437 


Is there any relation between age and intelligence? 

(22) What are tlie assumptions upon which the Pearsonian 
co-efficient of correlation is based? How does tlie positive 
correlation differ from the negative? Compute tlie co-efficient of 
correlation of the short-time oscillations from the following 
data : — 


Year 

Suj>pl3’- 

Price 

1921 

146 

1922 

! . 82 

140 

1923 

86 

130 

1924 

91 

117 

1925 

83 

133 

1926 . 

85 

127 

1927 

89 

115 

1928 

96 

95 

1929 

93 . 

100 

A 

(Assume 

a three-year cj’-cle, and ignore decimals). 

(M. Com., Alld., 1943). 

(23) j From tlie following table, find out how far the fluc- 

tuations in prices correspond to the amount of money in circula- 
tion in India: — 

/ 

Rupees and Notes in Index Number 

Year 

Circulation in crores 

of Prices 
(1873=100) 

1912 

248 

137 

1913 

256 

143 

1914 

. . 248 

147 

1915 

266 

^^52 

1916 

297 

184 

1917 

/ . 338 

196 

1918 

407 

225 

1919’ 

463 

276 

1920 

A •• 41I 


1921 

393 

. . 260 


(B. Com., Agra, 1937). 
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(24t Find the CO effiaent of correlation from the follcwm^ 



(MJ\ . Cal, 193;) 


(25) The (oUowmg table shows Iht disinbution of mark.'* 
Calculate the co-eiTwient of correlation and its probable error — 


Marks w Ctografhy 



(MA.Cal 1935) 

(26) What IS meant t9rcoTreI-»uon> Give the Rmeml rolt-s 
lor mterpretini' its co^rfhcient 
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Calculate the co-effident of correlation between the ages of 
lOO husbands and wives from the following data : — 


Age of 

Age of w'ives in 

years. 



Husbands 






in 3'ears. 


1 





10 — 20. 

20 — 30 130 — ^40 

1 ' 

40—50 

50 — 60 


15—25 

6 

3 ' 


1 

> » 


25—35 

3 

16 1 10 

- » ■ 



35—45 


10 1 IS 

7 



45—55 

. 

*• 

* • i J 

10 

4 


55—65 


.. ! .. 

4 

5 


Total , . 

9 

29 1 32 , 

21 

9 

100 


(M. Com., Alld., 1944). 


(27) (o) Discuss fully what is meant by the cpeffident of 

correlation and how it is measured and interpreted. ' ' 

(b) Calculate the co-efficient of correlation from tlie following ; 


Subject (Age of 
husband) 

17 

[18 




■ 



Relative (Age of 
wife) 

12 



m 

B 





(B. Com,, Alld., 1942). 


(28) What do you understand by co-efficient of concurrent' 
deviations ? 

Calculate the coeffidenf of concurrent deviations from the 
following data : — 

« or number of pairs ' of observations =47. 
c or number of pairs of concurrent deviations =16. 

(29) Calculate the co-efficient of concurrent deviations 
from the data given in exercise 22, -page 437. 

(30) Calculate the co-efficient of correlation between pro- 
duction of wheat and its price upon the basis of figures given in 
exercise 33, Chapter XI, page 222. 

(M.A., Patna, 1941); 















(R Coni Hons Andhra 1W3 ) 
( 32 ) Tron ihe following tabic cilcuUte the co-efTicient of 
correlation between the ages of husbands and wi'W and estimate 
the profiable error of the result e^taincd 
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ASSOCIATION OF ATTRIBUTES 

Statistics of Attributes. 

In -Chapter VIII^ reference was made to descriptive and nume- 
rical characteristics of statistical data, and characteristics like sex, 
civil condition, caste, religion and infirmity were mentioned as des- 
criptive. It will be well to note here again that quantitative charac- 
ter of statistical data arises in two ways. First, the investigator may 
note only tlie presence or absence of some attribute in a series of 
objects or individuals, and count the number of those who possess 
it and of those who do not. For instance, in a given population 
the number of the deaf and not-deaf, or of the sane and insane 
may be counted. In such cases, the quantitative character arises 
solely in the process of counting. Second, the inv^tigator may 
note or measure the actual magnitude of some variable character 
for every one of the objects or individuals observed. For in- 
stance, height of students in a class, length of leaves of a certain 
tree, or prices of certain commodities may be recorded. Such 
records are quantitative in character. In these cases therefore the 
observations themselves are quantitative in character. 

As pointed out in Chapter VIII, the first kind of observations 
are based on descriptive characteristics and are tenned Statistics 
of Attributes, while the second are based on numerical character- 
istics and are called Statistics of Variables. So far, in all the 
chapters, we have been concerned with statistics of variables. 
We have studied how variables are analyzed, compared, and cor- 
1 elated with one another. It is now proposed to stud}' how re- 


’ C/ pages 95-96, 
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Luottsliip cin Ia fstabhshwl bt-twcui two attnbulcs and hov. 
that n-lationsliii) can be discovered by the method of ATsoaation 

Notation andTcmnnolog) 

\\ >1 U discussing ciassihcalion of data according to attn 
Initcs in Chapter Vlll it was pointed out that when one atinbute 
IS noticed two distinct classes arc fonned. These two classes 
liowcvcr arbitrary their boundary arc exclusive of each other 
Such clasAihcation was m that Chapter, denominated as simpU 
classification or cbssificatioo by dichtomy 

To discuss the theory of association and its aj plication 
in iractice it is necessary to have some simple notation for 
the classes fonned and for the measumnents assigned to 
each of than Accordingly, we shall use the capital letters 
ABC to denote the several attributoA. An object 

or individual pou<u ng the aitTanitc A will be temed simply A 
that possessing B B The class whose members fotsett the 
attnbme A wiU be termed the cb&s A. Similarly wt shall 
use the small letters a b c (gvnerally, the Greek letters 

a p,y arc used) to d<note the ofirence of the attn 

butes ABC Thus if A represents the attribute bhrdness 
a represents Sight r < non blindness if B <tarvds for insanity, 
f> stands for sanity Combinations of altnbu es will be re 
presented by grouping together the letters that indicate the 
attributes concerned Thus if A represents blindness and B 
insanity AB represents blindness and insanity If the pn-scnce 
and absence of these attributes are noticed then 

CombioatiOD AB stands for blindness and insanity 


Ab 

blindness and san ly 

oB 

Sight and insanitv 

ab 

s ght and sanity 


and smilarly the class AB includes all those who are blind 
and insane the class Ab all thoss. wlio art bl nd and sane and 
50 on. If a third attribute be noted for example deafness and 
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denoted by C, the class ABC includes tliose who are at once 
blind, insane and deaf, and the class ABc those who are blind and 
insane but not deaf. 


The number of observations assigned to any class will be 
termed the frequency of the class, or briefly class-freqnency. 
Class-frequencies will be denoted b\’ placing the corresponding 
class-symbols in brackets. Thus, 

(A) denotes number of A’s, i.e., objects possessing attri- 
bute A. 

(Afe) denotes number of Ah's, if., objects po.^sessmg attri- 
bule A but not B, and so on. 

The attributes denoted by capitals ABC may be term- 

ed positive attributes, and their contraries denoted by small 
letters negative attributes. Thus the classes A, AB, ABC are 
positive classes; tlie classes a, ab, abc, negative classes. AB 
and ab, Ab and aB, Ab C and oBc, are pairs of contrary classes. 
A class specifying one attribute is known as the class of first 
order; while that specifying two, that of the second order. 
Thus, A is a efass of tlie first order, AB or BC that of the 
second order. Similarly, (A), (Ah), (oBC) are class-frequen- 
cies of the first, second and third orders rcspectivelv. The scries of 
classes given by any one positive class and the classes whose 
symbols are derived therefrom by substituting .small letters for one 
or more of the capital letters in all possible ways \siU be termed 
as aggregate. Thus (AB), (Ah), (aB), (ab) form an aggregate 
of frequencies of the second order. When no attributes are 
specified, the total number of observ'ations constitutes the 
Universe with its limits specified, and will be denoted by the 
letter N. 

It should now be clear that the Universe must be equal 
to the number of A’s plus the number of a' s Similarly the 
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number of A b should equal iht number of A s tlujt arc B plus 
tho number of As lhat are not B, and so on U means that 
an) class freqtienc) can be ana!>2C<l into higher class frequencies 
Thus, 


N=:CA) + (a). 

N=(B) + (6). 

N = ( AB) + ( A^) + (oB) + (uft) 

(Al=(AB) + (Ab) 

(D) = (AB) + (oB) 

<o) = (ct) + (oB)=M-(A) 

The classes «jKs.if»c<I b) attributes of ih? J tRhc<t order 
ire tenned the ultimate classes and thetr frequencic* the 
tiUunate cl3s^-^requencIe«^ If me know (AB) and (Aft) me 
can find (A) and if m addition me know (oft) and (aB) we can 
not find onl> find (a) but aUo V This is due to the fact noted 
above, that eset) class frcquenc> can be expressed as the sum of 
certain of the ultimate class frequencies Therefore to specifj the 
data completely it is only occessar) to kno^^ the ultimate class 
frequencies An example mill further clear the point 

Example l Given the following ultimate frequencies find 
iht frequencies of the positnc and negative classes and thi whole 
number of observations N — 

(AB)=:ioo (Aft) =50 
(<iB)=8o (aft) 40 

To find N me must remember that it will be equal to the 
aftSTcgate of the frequencies of the second order Thus 
N=ioc( 4 - 50 +tk>-l *40 
=270 

The frequency of anj first-order class eg (A) ib gn-cn 
f y the total of tlie tmo ««ond-order frequencies the chss <;\TOboN 
for which contain the same letter Thus 
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(A) — ( AB) 4 - (Ab) = 1004 - 50= 1 50 

(B) = (AB) 4 - (oB) = icx:> 4 - 80=180 B 
(a) = (oB) 4 - (ab) =804-40= 120 

or (a)=N-^(A)=270 — 150=120 ^ 

(i) = (A&) 4 - (06) =504-40=90 
or (b) — N — (B) =270 — 180=90 

The nine-squares tabic given above affords an easy and 
quick manner of getting the required class-frequencies. If given 
values are filled in it, the required ones may be computed from it, 
as shown in the table. 

Similarly, if eight ultimate frequencies of the third order 
are given, or sixteen ultimate frequencies of the fourth order are 
given, all the positive and negative class-frequencies and N can 
be obtained from them by mere addition. 

If the values of any two classes in each of the equations used 
is the solution of the above example are known, the value of the 
third can be easily found. For example, 

if, (a) = (oB) 4 -(a&) 
then (ab) = (a) — (0B). 

And, the expression of any class-frequency in terms of the positive 
frequencies is most easily olitained by a process of step-by-step 
substitution; thus 

{oh) = (0)— (oB) 

= [N-(A)]— [(B)-(AB )3 
=N— (A)— (B) 4 -(AB). 

The expression of other class-frequencies in terms of positive 
frequencies can be made by a similar process of substitution. 


A 

a 

N 

(AB) 

UbT 

(B) 

100 

80 

180 

(Ab) 

(ab) 


50 

40 

90 

(A) 

{«) 

N 

150 

120 

270 
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FrobablUt> and tlxpectatloii. 

When a coin u toaacd once, it must fall heads or tails. 
The probability (pur? clwince) that it would fall hei Is is -J When 
a coin IS tossed 50 times, the expectation of a head coming up is 
JXso=2S Therefore expectation is npial to the product of 
probability and the number of observations If two coins arc 
tossed the dunce of two lieads or two tails coming tip is reduced 
to 

If two altributes A and B are studied in a Lniversc N and 
the class frequenaes of the aitnbutes arc (A) and (B), 

Probability of (A)= 

N 

I'fobibility of (B) 

Pitbabilil) of (A) and (B> Combirnil X 

And, ExpecUUoq of (A)and(B) comhinwl* 

- ( A)X(B) 

V 


Cnterion of Independence. 

When actual observation is equal to ixi>«:tAlK*ii aitnbutes 
are Independent and there is no as<ocaiion between them In 
such a case we expect to find the same proportion of A*s amongst 
ihc n s as amongst the non B s 

Let us take an example 

lixamplf 2 If (A)=peopIe vaccinated— 50 

(B)=i»e<q)lt not atlacketl b> small 
pox=6o, 

(AB)=peoplt s-vecHult-il hut not attack 

ed— 20 

N~toial nnmtier of peojle=i5o 
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it is required to find whether the attributes A (vaccination) and 
£ (freedom from attack) are independent. 

In this case, expectation of (AB)= 

== 5QX6o 

150 

"The actual observation (people vaccinated but not attacked) is 
thus equal to the expecation. Therefore, A and B are independent. 
We conclude that vaccination and freedom from attack are not 
associated with each other in the given case. 

IwCt us take another example: 

Examph 3- If in the above example (AB) arc not given, 
but instead, we know the number of people who were not 
vaccinated and were attacked by small-pox, i.c., (ab), to be 
equal to 60, we proceed to find whether the attributes a and & 
are independent. 

Expectation of (ctb)= 

N 

Now (o)=N — ■(A)rz.i50 — 50=100 
and(6) = N — (B) =150 — 60=90 

Therefore. -(«) =-i 22><22 =60 

N ISO 

Again, the actual obscrv'ation is equal to the expectation. 
In this case also the two attributes, o and b, are independent. 

We can now pm down the criterion of independence in 
more convenient form when actual class-frequencies of the second 
order only are given. 

Attributes A and R arc independent if (AB), actual obsenfa- 

tion, 

= (expectation). 

Attributes o and b are independent if (ab), actual observation, 

= (expectation). 

N . 
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Atxnbute A anil b are m^ependeni »t lAb) actoal cbSTTvauon 
(cxpcciation) 

Attnbuics 0 and B are independent if (nB) actual obscrr-alion. 
_ ^expectation) 

Hence (\B)X(oM= 

_ (A)X(b)w (o)X (B) 

K ^ h 

But X =(Ab)X(aB) 

N N 

Therefore (AB)X(a6) = (A6)X(aB) 

Thi5 last equation gives the required entenon of independence 
for the attrbutes A and B la the case of actual ultimate frequeo 
cies of the second order 

\\ e take one more eitample 

ErampU 4 Let the actual observations be as follows — 
Tcoplc vaccinated but rot attadeed by small pax=6o=(AB) 
People not vacanaled and atiadied by «mill pox— 272= (ob) 
People I'aconated but attacked bj small pox=8o=(A&) 

People not vacanated and not attacked by small pox=204=» (oB) 
It IS required to find \ivhclher the attnbu es A (I’acanation) 
and B (freedom from attack b> small pox) are independent. 

According to the cntenon just indicated A and B arc 
independent onlv \^hcn 

( AB) X (ob) = (A&)X (oB) 

Iwv in the given case * 

( AB) X (ob) =60X272— 16320 
( Ab) X (oB) =8oXrOq= 16320 
The cntenon is satisfied and therefore, the attnbutes A and 
8 are independent that is not associated v.-ith each other 
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Association and Dlsassociatloiu 

In stoSistics the word asswiation has a technical meaning, . 
distinct from the one current in ordinary speccii. Ordinarily 
one speaks of A and B as being associated if they appear 
together in a numlx-r of cases. It is not so in statistics, where 
A and B will be said to be associated only if they appear to- 
gether in a larger nuinbe-r of cases than is to be expected if they 
ore indejxmdent. The mere fact that some A's arc B’s however 
great tlie proportion, is not enough to show that A aud B arc- 
associated. This is a fuiickimerital principle. 

Association may be positive or negative. Tlierc is a. 
simple way of knowing it. If two attrihute.s, A and B, arc not 
independent, but related to each otlier, then if 

(AB)> 

N 

A and B are said to be positively associated. If, on the contrary,, 
(AB)< 

• A and B are said to I>e negatively associated, or, briefly,, 
disassociated. It should be carefully noted that - disassociatioR- 
does not mean the same thing as independence. 

In example 4, with the data as given, A and E are in- 
dependent; that is, tliey arc not related. If the actual observa- 
tion of people who were vaccinated but not attacked by-' 
small-pox, that is, it class-frequency (AB) were more than bOy 
and the expectation were 60, the attributes would have been 
positively associated. But if the actual cases of (AB) were less 
than 6b* \vhile cxpc'ctalion remained 60, .A. and B would have been 
disassociated. , ■ 

Upon the above princixile. we take an example. 

Example 5. Let (A)=40; (B)=3S: (a) = io: — 

(AB)=30; (A 5 ) = io; (oi)-5; (oB)=5; and, N=5 o. 
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1 rjm ibc giNcn obstrv<.i3 (Ttqucncits vfc can construct a 
tabk like Uh following 

Table \ tObHr\atioti) 

A a N' 

B 
6 
N 

\\ c now find the expectations 

rxpccuuonoi = _4'”<1S,=^ 

N 50 

rxpocm.onof (05)=^’^ W =-lS^.ij_=3 

N $0 

Expectation of (B)« X 50=35 

50 

rNpccUtion of (A)s=_*I^X505=40 

oo 

And «o 

\\ c maj now construct a tabk of expectations as below 
Table \ (Expecuuon) 

A o N 

B 

6 

N 

It we compare table \ with table Y we shall be able to study 
Uw fact of positive and negative associatioos In toble Y, (AB) 







ASSOCIATION OP ATTRIBUTES 


451 


is 28, while in table X it is 30. This implies that actual observa- 
tion of (AB) is greater than its expectation, or in other words, 

(AB)> W 

N 

Therefore, vaccination and freedom from attack, to make 
A and B stand for what they did so far in our examples, are 
positively associated. 

On the other hand, (Ab) in table Y is 12 and in table X 
it is 10. That is, actual observ'ation of (Ab) is less than its 
expectation. Therefore, A and b are negatively associated. 
Or, in table Y oB is 7, while it is only 5 in table X. This im- 
plies that 

(aB)< 

Therefore, a and B are disassociated or negatively associated. 


Co-efficient of Association. 

So far we have ascertained the fact of association by 
comparing the observed class-frequencies with the expectations. 
We have not measured the degree of association. Several co-effi- 
cients have been devised for judging the intensity of associa- 
tion. Of these, the following co-efficient due to Yule is the 
simplest ; 


(AB) (ab)~(Ab) (aB) 

^ (AB) {ab) + {Ab) (aB) 

where, O stands for the Co-efficient of Association. This Co- 
efficient is zero when the attributes are independent, -f i if 
they arc completely associated and — 1 if thej’- are completely 
disassociated. 

Let us take an examjile. 
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4 $2 

Crcmf'U 6 Rc<\uircd to comptiti. the co-^fTicient o( assocu* 
tion from the data gi%en tn table X oC example 5 abo\c 
(3t»'5)'-(ioX5) 

^ (3oXs) + (*<»^5) 

_ ICO 

soo 
= 5 

Hence the intensity o( association bt nc».n the attnbiitcs A and 
B IS S and tbe association is posituc. 

Let us take another exampk 

Example 7 Required to compute the co efTicicm of as*wa 
tion from Uw data pten m example t abo\e 
(100X401— (50X80) 

(tot>X4o) + (.50X80) 

=0 

Hence the attributes A and D are imlependent 

\ulcs co^icicnt of assocutioti is quite casj to compute 
and IS 3 conienient measure of association s nec it not only 
exliibts the intcnsii) of piyiitue and negative association* but 
also shows the indepindvnt cliaraclcr of the attributes 

Partial Association. 

If in a giieii case tt is foond that 

X 

all thit this infonration leads us to is that A and B are ri.laled 
with caiA other in some -way \\c canno» say whether the 
relationship is direct or of any other kind. It is possible that 
assoc ation bctv.'ccn A and B tnay not be direct, but due to 
the assocution of A with C and of B with C An example wiU 
make the point clear 
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An association is observed between ‘vaccination’ and 
exemption from attack by ‘small-pox’, that is, more of the vaccina- 
ted people are exanpt from attack than the nnvaccinated ones. 
It may be argued that this does not imply that vaccination protects 
the people from attack, but that most of the unvaccinated people 
are drawn from tliose living in insanitar}’- and filthy conditions. 
Thus A (vaccination) and B (exemption from attack are associated 
due to the association of both with C (hygienic conditions). 

The ambiguity in tlie above case arises from the fact that 
the universe contains not only the objects possessing the tliird 
attribute alone, or objects not possessing it, but both. In our 
example, both hygienic and non-hygienic conditions may be 
prevailing in the locality where observations have been made. 
If, however, the universe of observation were confined to either 
class alone, for instance, the observations relating to vaccina- 
tion and attack were made from a narrow section of the 
population living under approximately identical hygienic 
conditions, and still A and B were found to be associated, above 
ambiguity would not arise. 

The associations found between tlie attributes A and B 
in tlie universe of C’s and the universe of c’s are termed as parlial 
dissociations, to distinguish them from total associations found 
between A and B in the universe at large. 

Partial association may prove to be entirely misleading, 
for what is true of the whole is not true of each of the parts. 
To take our example again, observations regarding vaccination 
and attack may be drawn from people living under same 
hygienic conditions, yet some of the people may be rich and 
others poor. There may be a positive association between 
vaccination and exemption from attaclc among the rich but 
not among the poor. The disparity between these results may 
be explained by the simple fact that the poor are more open 
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to attack tl an the nch so that attack is not independent of 
poverty Or it may be tfiat onfj the nch get themselves 
vacanaled and Yacanaticm is ro tins ease, not independent of 
poverty 

Thus an lUusoty or misleading association may »nse m a 
case where in the gisen unttme there exists a third attribute 
C mth which both A and B are associated positively or nega 
tnely If both the associations arc of the same s gn die resulting 
illusory assoaation between A and H will be positive if of 
opposite signs the illusory assocution will be negative For 
example if the associations between A and C and between 
B and C are posune they would give nst to an illusory positive 
association between A and B 

Illusory association may also anse in a different manner, 
that 18 through the personality of the observer If the atten 
tion of the observer fluctuates it is likely that he may observe 
the presence of A when he observes the presence of B and wc 
verso. In such a ease A and B will both be associated with the 
observer % attention C and an illusory association NviU result. 


EXERCISIIS 

(1) Howf would you distinguish between 'assoaation and 
'correlation as the terms are used in statistics^ 

(M A Agia i^) 

(2) Given the followni^ ultimate class frequencies find lh<* 
frequenaes of the positive and negative classes and the whole 
number of observations N — 

(AB) = 200 {A 6 = 5 :too 

(oB)=:i 6 o (oh)= 8 o 

(3) From the followang data find whether the attributes A 
and B are mdependent 

(A) = ioo (B)=:i2o (AB)=!4o vi=3oa 
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(4) (AB)=120, (afe)=544, (A/>) = i6o and (aB) = 40S, 
find whether the attributes A and B are independent, ^ 

(5) Given the following ultimate class-frequencies, find the 
frequencies of the positive classes. 

(ABC)=2q8 (A&C)=450 (oBC)= 4 o 8 (0^0=342 
(AB<') = I476 (Abc)~22g2 (flBc)=3524 (afjc) =43684 

(6) Given the following frequencies of the positive classes, 
find the frequencies of the ultimate dasses : 

(N) =47426 (ABC)= 312 

(A) = 3,236 (AB) = 856 

(B) = 4,030 (AC) = 670 

(C) = 1,540 (BC) = 312 

{7) Show whether A and B are independent, positively 
associated or negatively associated in the following cases : — 

(1) N=iooo (A)= 470 (B)=62 o (AB)=320, 

(2) (AB)=512 (aB) = i536 (A6)=96 (at) =288 

(3) (A) =245 (AB)= 147 (a) =285 (flB) = i90 

(8) Investigate the association between darkness of eye- 
colour in father and son from the following data. 

Fathers with dark eyes and sons witii not dark eyes =237 
Fatliers with dark eyes and sons with dark eyes =150 
Fathers with not dark eyes and sons with dark e3’'cs =267 
Fatlrer with not dark eyes and sons with not dark eyes =2346 

(9) Given the following data find whether deaf mutism and 
baldness are as sociated : — 

Total population . . 16,264,000 

Number of the bald-headed . . 24441 

Number of the deaf-mutes . . 7)623 

Number of the bald-headed deaf-mutes . . 225 

( 10) Find the association between eye-colour of husband and 
eye-colour of wife from the following data : — 

Husbands with light eyes and wives with light e3'es . . 1236 

Husbands with light eyes and wives with not light eyes , . 856 

Husbands with not light eyes and wives with light eyes . . 528 

Husbands witli not light cj'es and wives w ith not light e3'es 476 
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(in Can Ancanation b« reg%rdv<l as a pm'^ntne ireasurj 
lO'- snill jx>\ irom the dau jpAcn be)oA\ 

Of i4h_ ptr^o^s m a locality ca.pO'«l to -smaU pox. 3C8 
in al! AMT attaikeil. 

Ot 14S2 persons ^3 l»ad been sacanafcd in<l 01 these 
onl) 35 Wen. ati 3 ckc<i 

<M Con , All 1944') 


(12) The follow injj table 4i\\s the ntmlxr of piTsons suffer 
mg from cenam infimites m Bengal m iQjt — 


Se\ 

To al Number 

Insant, 

Deal 

nn c» 

Deaf mute 
..nd Insan 

Malrt 

2(bia lakhs 

t26_o 

21 


MS 

\ emales 

241 

9O55 

14 

.36 

317 


Trace the association UhM-en inNUuta and diaf rrjtene.'S 
for mxU-a and females of Bingal sejvaratcU 

(XIA.. AUd, 1938' 


f ij ' (o' X\ r*<. 3 •Jwrt note -n tS. u-c ot Co-ef' ir" ot 

Associa cn in a aah zing no^a *. a i tics 

<t> From the figures gi'"*! m Ine folios irg tab’e compare 
tlj« association betaaecH 1 craca and urenplojancnt tn tutuI arJ 
urban areas an 1 gne msorts lo" the diffsTerca, it any — 


Crban Rural 

Total \JuH Males ~5 Lakhs zoo l-akhs 

LifcratL Males to Lakhs 40 Lakhs 

Ijnemp'o^etl Maks 5 Lakhs j2 Lakhs 

Lilerate indLnemplo’-cd Mxics 3 Lakhs 4 Lakns 


(M A , A! d , 1937) 
{MA. Patna 1943) 
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(14) Find the association between inoculation against 
cholera and exemption from attack from the following data: 


' Not attacked 

I 

Attacked 

Total 

Inoculated 

276 

0 


Not inoculated 

473 

66 


Total 

749 

69 

S18 


(15 In tire course of anti-malarial work quinine was ad- 
ministered to 606 adults out of a total population of 3,540. The 
incidence of malarial fever is shown below. Discuss the preven- 
tive value of quinine. 



Fever 

No-tever 

Total 


19 

587 

606 


193 

2,741 

2.934 

Total 

3.. j 

3>328 

! 

3.540 


(M.A., Cal., 1935). 

(16) Criticize the following arguments; — 

(1) 99 per cent, of the people who take alcohol die before 
Ihe}^ reach the age of 80 years. Therefore, taking 
alcohol is bad for longevity. 

(2) 99 per cent, of the members v.'ho voted for the 
tenancy bill were cultirators. Therefore it was un- 
fair to suppose that the voting was unbiassed. 
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ri;' The nule population of the U P is 250 lakhs. The 
nuTTi^T of iterate wales is 20 lakhs and total number of male 
criminals is 26 thousand. The number of Itierale malt criminals 
IS _ ilovisand Do jou find ai^ association bttneen litcragr 


and crin nalitj ’ 


(MA Agra 1943) 


(18) Imcstigitc wheUier there is anv association between 
cxtravagtrcc in father and son from the {oUo^\lng data — 


ruAtava^nt sons 'mUi ex.rrvcap.e^ fathers itgS 

AIvser sons with cjitra\*agaiit fathers 162 

Extraiagrnt sons with miser fathers t84 

Miser sons with miser fathers XtS® 


(18) \\ rite exphnatorv notes c« the following 

Association Criterion of Independence, Partiil Association, 
D ^association 



CHAFER XIX 

INTERPOLATION AND FORECASTING 

Meaidng of interpolatioTu 

Interpolation stands for the insertion of the most, lilieiy 
estimate under certain assumptions. In Chapter X, the 
mode and the median were interpolated in the modal and tlie 
median classes respectively; but, this was done only by starting 
>vith certain assumptions in both the cases. In locating the mode 
m a continuous frequency distribution it is assumed, as it rvas 
done in Chapter X, that mode is influenced by the class-inter- 
vals adjacent to the modal class'* ; while, in locating the median in 
a similar series it is assumed that the magnitude of the median 
class is uniformly distributed over its frequencies'*. Location of 
the mode and the median in a grouped distribution suggests 
examples of interpolation as also the usefulness of this device for 
estimating some missing figure in a series. 

Necessity of Interpolation, 

In the absence of complete data at our disposal there 
would be no rvay out, except that of resorting to interpolation, 
to find the mode and the median. Hence the necessity 
of this method in such cases. But there are cases other than 
these where gaps may have to be filled in. Such gaps may 
be due to the fact that no record has been made, or its details 
are insufficient, or it has been lost or destroyed. Cases in 
point arise in connection with returns like tliose of the census 
which are, and can be, taken onty once in a few years, sb that 
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if populiiion figures arc %vantcd for any itrter%ening year, 
as thcv are m se\eral instances an estimate lias to be made 
of the most likely figures from the results already recorded. 
For cx.ample it may be necessary for purposes of administration 
or tlie like for a local or central go\enuncnt to be able to know 
\s 0i a reasonable degree of accuracy the population of 
an urban or rural area or a province nt any gi>’cn time, 
or to Joiovi the area under particular crops or the area under 
irngation Similarly a soaotogist an economist or a busi 
nessinan may be interested in knowing the likely es tmale of a 
cerUiin phenomenon he is concerned with. A soao'ogist may 
1 kc to know the number of people m different ige-groups 
dunng the intercensal period an economist may desire to Invc 
a knowledge of tin. total tax revenue raised m a certain year, 
while a businessman may like to fill up the gaps m bis yearly 
sales register In all the<e ases it cannot be supposed 
wnthoul any v-alid Tea«on that the figures relating to a past year 
would apply to the year whove figures are required to be csti 
mated Nor can mere imaginary figures be relied upon The 
most likely estimate has to be made. 

Such an estimate may tela e to Aome pa«t dale or to future 
one The technique of estimating a past figure is termed as 
Interpolation while that of estimating a probable figure for the 
future IS called Extrapolation. To make an estimate certain 
assumptions are n-^essarv 


A*^iimptions 

The first assumption that is made in interpolation o- 
cxtrapolaiion is tliat there arc no sudden jumps from one 
period to another If population figures for India for 1911, 
1921 and 1941 arc given and an es imatc has to be made for 
the figure for 19x1 this would be done onlv when it is assumed 
t there was no vnolfint disturbance m the intermediate 
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dates, nor was the year 1931 an exceptional year such as that 
affected by epidemics, w£fr or other calamity. 

The second assumption is that in the absence of evidence 
to the contrary the rise or fall has been uniform. That is, in 
our example, the population growth has to be assumed to be 
uniform between 1921 and 1941, if the year 1911 or some other 
infonnation has not to modify this assumption. 

A'ccuiacy of Interpolation. 

Upon the above assumption figures may be interpolated, but 
the question tliat arises is; ‘What is the certainty that the in- 
terpolated figures, which by h3q)Othesis are unloiowm, are in reality 
the most probable figures?’ In the words of Dr. Bowley, the 
accuracy of interpolation depends “(i) on knowledge of the pos- 
sible fluctuations of the figures, to be obtained by a general inspec- 
tion of the fluctuations at dates for which they are given; (2) on 
knowdedge of the course of the events witli which the figures are 
connected.”^ 

It follows, therefore, that in basing arguments upon such 
figures the fact that they are interpolated ones should not 
be lost sight of. Interpolated figures are based on quite a 
different class of evidence from those figures which result 
from direct evidence. In some instances interpolations may 
represent figures which do not exist and which are used only 
for convenience of calculation. For instance, in allotting monthly 
marks to a student who was absent from a few seminars, attention 
may be paid to the student’s general place in the class and to 
the average marks got by the students present in those parti- 
cular seminars. Marks thus allotted have no existence. In 
other cases, interpolated figures may be, in the absence of 
the knowledge of full facts, the most probable estimates of 
figures that really exist. Therefore, all such estimates must 
be indicated as interpolations; it is always better to point the 


’ BowTey, A. L., Element of Siati^Ks, 1920 ed., p. 217. 
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method b> which they arc obtained I{ any subsidiary informa- 
iion which may be regarded as a direct cMdence of the accuracy 
of interpolated figures is atailable it is wdl to state it also. 
I urther if practicable interpolated figures should be stated not as 
exact ones but as Iving in a range within which their accuracy may 
not be questioned 
Metliods of InteTpolatioQ 

Figures can be interpolated by the graphic method or by 
algebraic treatment Graphic method is good to follow when 
the quantities show c)chcal character We shall discuss be 
low With suitable examples the graphic method, the method 
of fitting a parabolic curve the metiiod of advancing differ 
cnees CSewTons method) and the Lagrange s forrooU. 

Hie Graphic hlethod 

Graphic Method In a ContiQuotis Tune 5eTle5.-~This 
method may be explained by an example Table 63 gives the 
population of the province of Bengal during the last seven 
censuses Column l of the table shows the independent i-ariablc 
{x) which advances by an equal increaroent of lo years Column S 
shovfs die tOTtespondvng values of the dependent Mirtable (y) 
Table 63 Po^viabon of Bengal 
1881—1941 


Year 

Population 
in lakhs 


y 

18S1 


1891 

391 

1901 

431 

1911 

45 S 

1921 



501 

1941 

603 
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Suppose tlic figure 421 for the year 1901 is not given, and 
we are required to interpolate it. The task of interpolation 
would depend upon tlie evidence available for the purpose. If, 
for example, we know only the figures 391 and 455 relating to 
the years 1891 and 1911 respectively, we may plot tliem on a 
graph paper with 3’cars on tlic base line and population on the 
vertical scale. Since only a straight line would result from 
joining the points, we have no alteniative but to assume 
that the population between 1S91 and 1911 rises at a unifonn 
rate. In the absence of any infonnation to the contrary tliis is 
the most correct assumption possible. The height of tlie ordinate 
drawn from 1901 to intersect the straight line would give us 
an estimate of population of Bengal in 1901. This would be 

equal to or 423 lakhs, ivhicli exceeds tlic actual 

figure (421 laidis) only by 2 lakhs. The difference is not very 
great, the error being of a little less than .$ per cent. If an 
estimate of population for any other year during the in- 
tcrcensal period is required, an ordinate from the particular 
3’ear tnay be raised to intersect the straight line. The height 
of the ordinate on y would giA’c tlic figure for the particular year. 

If, on the other hand, figures are available for all the 
years excepting 1901, the various y’s shall be plotted against 
their respective .r^’s on a graph. If the resulting points arc 
joined as straight lines wiUi a ruler, we unll have to assume 
sudden jumps in the growth of population, at least at tlie 

figures for the years 1911, 1921 and 1931, fc, at points 

C, D, and E in Figure 31. We have read tliat rather than making 
such an assumption, we should assume that in the absence of 

evidence to the contrary sudden changes in die quantities from 

one period to another do not occur. Therefore, instead of 
joining tlie points by straight lines we should draw through 
them all a line -whose curvature is as smooth as possible. Such 
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a cum Jn.i\ \k consttui^cd on nal^ituawcal pmoplcs or 
drawn ftxxhand. In Hgun. 3I it has t)ccn drawn freehand 
connectmjj each (x y) point To fii*d the y proper to t^ot, 
V e ha\x dnwn an ordinate through tf)Ot intersecting the 
cutae at P *1110 liciRht of this onhnatc which is ut giws 
/nJff/’Oio.ion 0/ rof-iMion of itu. fipun. m tikhs for the 
J3fn/)al hj Gra;hc Vtlhod popubhoi of Bengal in 
jtwi The rirrnatfcablc 
cloviicas with which the 
inltrpoUtixl fgurt agreo 
with die iftual one p\tn in 
uhk 63 n niorc or less ae* 
ewl wtal 

T1 e pnneijU folloased in 
I igurc 3t is not an im 
reawnabk one to adopt for, 
m e ffKt 11 c \ cs due w eight 
to each of the ohscnnlions 
s) arttnll) record’d and 
It lasun-s an tnen course 
from each %tnr to the next 
—w quite ju^uratJi-as-ump’ 
tnn in the dsence of any 
old nee diat sorae sudden 
dscoTrtinu y or h’TSik has 
ta».cn j lace m the y s 
Graphic method and 
l»enodie rigures. — if we 
ha\c a senes of monthly 
avenges of figuris rdat 
to a certain pheno- 
tacnon saj sales of silver or price of wheat in India, and the 
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averages show periodic fluctuations, which we can study by the 
method discussed while • dealing with Analysis of Time 
Series in Chapter XVI, we can interpolate figures for any month 
for winch the records are incomplete. This can be done with a fair 
degree of accuracy. In general, the amount of sales of silver in 
India would show a rise during summer every year for that is 
the marriage season in the countrj', and the price of wheat 
would show a fall in April-May when new crop appears on 
t le market.^ The curves drawn for such phenomena would 
exinbtt a kind of periodicity, i.c., tliey would regularly rise 
3n all. This would enable the filing in of unknown figures 
m a manner which would not be unsatisfactor>-, For, if we 
know ^ tliat a curi'e ought to rise or fall to a certain limit 
o e in conformity with its periodicity, we get a reliable clue to 
e position of tlie missing figures. Further, even those figures 

" series of averages, and which 

pro a ly cannot be found by any other method, can be traced 
out y the graphic- method, when once tlie cyclic character of the 
curve has been known. We shall see later the usefulness of such 
curves for purposes of forecasting. 

Graphic Method and Correlation Curves. If, by the 

use of correlation graphs, discussed in Chapter XVII, we are able 
to find a close connection betiveen tivo series, we can use one of 
leni, whichever is more complete, to help in interpolating a 
missing figure m the other. First, we should carefully study the 
closeness betiveen them at the dates for which we have com- 
p ete figures in both series, and then draw a figure similar to 
igure 30, one of the lines being, of course, incomplete. There- 
after, we may complete the incomplete line in such a manner that 
the complete line. would be in close resemblance with the line 
that is already complete. . Thus, we shall obtain the most probable 
values for the figures which are. rhissing in the incomplete series. 
F 30 
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This nielhod oin be ^eo usetiillj «nplo>ed ir' mtcrpoUiing figures 
for the vnlues o{ exports from lh<>se of imports for the atrount 
of money m circulation from figure^ of prices for the produc 
lion of sugir m India from statistics of unports of sugar for 
hanges m parts of the population from changes in the nholt 
and for many other senes only if IuO’a that correlation of a 
h gh degree exists betneen them 


Algebraic Treatment 

n e problem of intcipolalion to nfiicli greatest attention 
his been paid is as follows 

If one quantity is subjea to conimuou» regular change 
and a second quantity donges wi connection with it and tf 
we Vno V or can estimate ditecll) only s«nc discontinuous value 
of this second quaniii) then it is required to estimate 
ihe most probable '■alue of the second quantity corresponding 
to given values of the first For instance gisen the annual 
premia payable on a life policy at ages 2p 30 etc. years it 
IS requ red to interpolate the premium for intcrmedute ages 
or gicn the population of Inju m iBSt 1891 ipot anl 1911 
it IS requ red to mterpolaic i for intermcdiitt dat or extra 
yiolate it for future dates 

Two assumptions as already noted are made m such cases. 
I irstly It IS assumed that the quantity (premium or popula 
uon in the above examples) change^ continuously that is. 
Without any sudden breal,. at any figure And secondly it i> 
assumed that the rate of change of the quantity is likewise 
continuous so that the curve representing it is snioolh in I 
not angular 

The problem sUled above can be tackled systemaucallv 
by algtbnuc ireatroent. \\e take up below three of the several 
methods avaiKWc for uiterpolaton 
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^ with a parabolic curve. — ^To 

make the argument as general as possible wc shall speak of x and 
.V as variables and assume the value of y as depending on that 
of vr in such a way that when x is given, y is known of can be 
estimated. 

Suppose 

y=o+6.r+c,t^i4- 

yliere, a, b, c. . , .'are constants to be determined, and tlieir 
number can be made to depend upon the number of known 
■i'alues of y. The equation 



represents a curve called a parabola of the order. 

Let us illustrate the method by fitting a parabolic curve 
to the following figures giving the population of Allahabad at 
decennial censuses : — 


Year 

1901 1911 

1921 

1931 

Population 
in thousands 

■ 

172 

171.7 

157-2 

183.9 


It is required to interpolate the population for 191 • 
Assuming that no abnormal conditions prevailed in iqt to 
cause a sudden change in the population of Allahabad, let ^ 
proceed to estimate the population for that year with the ep 
■of . the given data. Since . the known points are four m t is 
particular case, we would take as the curve through them a 
parabola of die 3rd order, wa, 

.y~a-^bx-\-cx--^d3^_ (i) 
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Then Ihe four known poinls viould be jusl sufficient to deter 
mme 11 e four consents abed \o\v ibc x dass intervals 
are equal being ol 10 jeare eadi measure from tOi^ 

origin and get 

*= —15 —5 u +5 +^5 

y - J72 1717 J. 1572 JS39 

where jo is the number to be estimated 

To further simplify the algebra we may take 5 jears as 
unit for T so that 

#= —3 —1 o +1, +3 

5= 172 ■ 7 > 7 . J. 1572 1839 

Since all ft\e points are to lie 00 the cune Nvith equation 


s m (i), we substitute the above values of x and in the 

equation and get 


i 72 =»a— 3b-l-9tf— 27<1 

CD 

171 7«(»-^+e--rf 

(>') 

y.»o 

(m) 

j57-2='o+ii-^f+if 

(if) 

i839=o+3b't-9c+27d 

(f) 

Equation ^Ui) tdU us that 

the value that we have to 

interpolate is equal to the constant 

0 Therefore from equations 

t') (») 0 ^) 2 nd (v) Msc proceed to deduce the value of the 

constant 0 


Adding (i) and (v) 


2a+j8c=i72+t839 

(m) 

Adding (n^ and (iv). 


2a+2c=;i7J 7 + 157 ^ 


or 180+18^=9 (t7i7+i57a 

(vu) 
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Subtracting (vi) from (vii), 

i6q=9 (I 7 I 7 +I 57 - 2 )— (172+173-9) 

=2960.1—355.9 

=2604.2 

Therefore, 0=162.7625 
or, yo = 162,763 

The population of Allahabad, as interpolated, is 162.763 
for 1916. 

In a like manner interpolation of population for any 
other intercensal year or extrapolation for any year after 1931 
can be made. It should be remembered that if data were given for 
three years, equation giving the parabola of the 2nd order, viz, 
y=a-i-b.v~c.ir, would be used. Similarly, if data were given 
for five periods, the equation used would be that of the 4th 
order, and so on. 

The above method results in simultaneous equations, like 
the equations, (i) (ii), (iv) and (v), and is also sometimes called 
the metliod of simultaneous equations. 

Second Methbd — By means of advancing differences. — 
This method is also loiown as Newton’s metliod. The 
/cjffow’Avg' Bgures, 64, show the amount of annual premia 
required by an insurance company to secure Rs. 1,000 without 
profits. It is required to calculate the amount of premium 
payable at the age of 23 next birthda}\ 
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Table 64 ^Innual Prcmxa on a life policy of Rs ^,ooo, amt 
ikeir differences 



Each entry m the difference columns is {onned by taking 
the algebraie difference of the entnes on the left Thus, 

6«=yj — yo =2S— 25=3; A, =y, — y, =32— 28=4: 

A'„=Ai — A<,= 4— 3=1* A»» =A=— Ai =s 5— 4^=1. 
A*»=a*i — a*,= I — 1=0; A*» =A*» — A*» — .5= — 
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In this manner, differences have been calculated in main 
columns 3, 4, 5, 6 and 7 of the table. 

The formula to be used for interpolating the value of y for 
a given x due to Newton is, 


n =J.+.r&+ A’.+ 

1X2 1X2X3 

' + ^ {x—2 ) (A-— 3) 

IX2X3X4 

where, y is the figure to be interpolated, A’s are the differences, 
and ;v is calculated as follows : 


Year of interpola ti on — Year of ori gin 
Time distance between adjoining years 
The above equation uses differences upto the 4th order, 
and can be extended to the «th order. 

It is required to know the amount of premium payable at 
age 22 years next birthday. 

Now, from the table we find. 


yo= 25 ; 


22 — ^20 


•4 j 


25—20 5 

Ao~3> A-q”!! ^*0 — o; A^o "Si A^ • 25 " 

By substituting the above rvalues upto this — the fifth — order 
of differences, 

y.=a5+UX3) + 4to>X. + 


4(-4— I) (-4—2) (.4—3) V rr 

* O^xixi 

^ .4 (4—1) (-4—2) (.4— 3 ) (-4—4) 


1X2X3X4X5 


. X — .25. 


,24 V V 

=25+1.2^* +o-r 


AS*. X.5+ X-.25, 

24 120 


=25+1.2 — .12+0 — .0208 — .0075 
= 26.05. 
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The required annual premium paj'sble at age 22 ^ea^» la 
Ks 26 Oj 

Interpolation for the value of 3 cortespondirg to an% dl'-er 
r can also be made m a like manner 

Newtons fomiiiJa uses difierences ninnng .n a diagonal 
direction ard is suited for interpolation near iht begicmng 
of the table It <hould be tio*ed that ii is u m a case ut 
which the independent variable x advances b% equal increment*. 
In table 64 x ad\-ances b\ 5 jears \\'hen it 11 required to 
nterpobf* m a frequenej distribution it u better to work with 
the cimiulatiie nunbcr« For example it from the fr«i_erc% 
dsinbution of jnarks given in table 25 page ip-* it !» 
desired to krov, the total number of candidates who obtatoed 
marks not exceeding 13 the table, for purposes of calcubting 
the differences and zaterpdaJing the cumber of stuJ“n*« 
would be wntten as follows (table 65), and interpolation earned 
CAit as abot e 

Table 63 Cum»ialre Frequ^rey of \farls in ffeememt s 


Number of marks 

X 

No of candidate^ 

J 

Not more than 10 


, . . 20 

12 

. r 50 


> n „ 40 


. . , Sf> 


.. n , 60 

36 

, 1, , 70 

60 


Third aiethod— lAgrange’s formula.— men the recorded 
j s correspord to x^s, and the x's adi-acce b\ unequal intervals* 
tl-e most convenient formula to use ^ that due to the tamoiu* 
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Frend\ mathematician, Lagrange, known after his name as 
Lagrange’s formula. 

Representing the quantities as before by 

(^0, yo), i-vi, yi), (.Vs, ya), (.Vn, y„). 

Lagrange’s formula runs thus: 

<11 =<1^ (■’''* Vl) (v ^-V;) (v -I'n) 

(:':o — ( a"o — ^-V z) (-Vo — -Vn) 

l4-V (V— Vg) (-V— -Vo) 

^ (Xr—Xo) {Xi — ;r2) (vi — .r„) 

+ 

, {X A'o) {X Xi) (a- ^A'n-l 

^ {Xn ^-Vo) (.Vn ^.Vl) (.Vn 

where, y^ is the quantity to be interpolated, x is the given quan- 
tity in the x variable corresponding to whicli y , is to be inter- 


polated, Xq, Xi, Xs, .Vn are the given values of tlie vari- 
able X, and yo, yi, Vn are tlie corresponding given 


values of the variable y. 

The following table relates to income earned per montli by 
a certain number of workers in a big manufacturing concern. 


Table 66. Monthly Income of Workers. 


Income not 
exceeding 

Rs. 

X 

Number of 

peons 

t 

y 

15 

Xq 

36 

yo 

25 

Xx 

40 

yx 

30 

Xi 

45 

yo 

35 

Xz 

48 

yo 


It is required to estimate tlie number of workers getting not 
exceeding Rs. 26 per month. 
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Making ws<. of the gi\en data and taking x~-26, ^\c. hitc. 


^ «(2^=S) (36—30) (26—35) , 

‘ (15— -’5) (15—30) (15—35) 

, (26-15 ) (36-3°) (36—35! 

^ (25'=r5) (=3-31) (35-15) 
^ , (-I)— 13) (26—25) (26—35) 

’ ( 30—15) (30—23) (30— 35) 

. -(2^5) (26— 25) (26—30) 
( 15— '5’(35— =5) (32— 30) 


=36>! 


— lox— iSX -^40 

+ 45X-iL^-9 

13X5X5 


+40X 


-48^ 


Iix— 4X— 9 
lOX— 5X-- 10 
tlXlX— 4 


20X10X5 


« - ^ 4. 4. -J21 _ 

125 25 25 12^ 

= ?i£L 

125 


=41 


'TVitttStrtt, iTiWffftt not «ttt'C'i\'ng 2^ pft •» 

earned by 41 workers, as inlerpofated. 

The abosc example rdatcs lo a case of frequencj distnb't 
tion where the magortude of different class internals is not 
equal If, instead of frequency disinbuUon, mdmdual items 
were given as, for instance population of India during ccr 
tarn years, the years adv-anemg not necessarily by equal mienals 
the method of attacking the problem would remam the same 
as that in the above example In a like manner e'etrapohticri 
can be made 


ForecasUng 

While discussing graphiL method of mlerpola'ion used in 
connection with periodic figures it was po nted out on page 465 
that when the cyclical character of a curve had been ascertained 
w was easy to locate a missing figure, and it was al«o hmted 
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there that such curv^es could jjrove useful for forecastiug. 
Indeed they can, for it has been found tliat economic events 
move in a cycle. Periods of industrial boom or of agricultural 
depressions have been found to repeat themselves at an 
interval of 7 — 10 years. Therefore, when once it has been 
found, as a result of the study of sufficient and reliable data, that 
a certain phenomenon is characterised by cyclical tendency, 
its future course can be fairly accurately predicted upon 
the strengtli of past knowledge. This prediction is nothing 
but forecasting. Man)’ businessmen can make forecasts about 
the future of their business without actually drawing a 
curve or even without knowing the name of periodicity. For 
instance, a chemist knows it well that malaria season is the 
one in which sales of quinine would be the largest during a 
year, and a bullion merchant always expects a rise in the 
price of silver during the months from March to June with the 
approach of marriage season in India, Thus, every business has 
its season. The practical businessman knows the facts of ups 
and downs in business from his experience; to him a perio- 
dicity curve or forecast based on it is of little interest. But 
to^a statisician or to an economist the knowledge of periodicity 
is of great assistance in predicting the course of many economic 
events and taking advantage of them. 

But even businessmen in the western countries arc making 
use of what arc called Economic Barometer.':. These baro- 
meters are special compilations made for the purpose of 
indicating tendencies of economic events. The construction 
of Indices of Business Conditions has already been explained in 
Chapter XII^. It has been pointed out there that business in 
general passes through well-defined minor and major changes, 
which fact makes Jjusiness forecasting possible. How this 


' C/, page 257. 
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forecasting is actual!) done has been discussed in Chapter 
\IU‘ while dealing with the indices of bu'iness conditions 
priparti! in England and the U S \ Tlie Htr\-3rd Cominittce 
of rcono*nic Re«ea’ch publishes these indices in Uit forni 
of cluirts These charts help business forccastuig Similarly, 
rorecistiug Composite Lmt published b) the Brookniirc 
Economic Scr\ ice helpa m forecasting slocV and cotnmotlrt) pntes 
in the USA 

\gain n Cliap cr W* while dealing with Jogaridnmc or 
uo 4cak cliarts n was pointed out tfiat such cforts, once 
their fluctuating cliaractcr had been studied could be extended to 
predia a future flgure rtUmg to ih- phenonenoa they 
llustrated This is again done wub a VmowMge of the trend 
01 the curve. In Fgure 3J page 3^ the doited line shows the 
natinet of extending the curve beyond Uie li»t date upto which 
dence IS ivwiUblc Th s is a method of extrapolation which 
1 ad« to forecasting From the extended portions of the 
ur\Bs in I igure at it can be predicted that tlic xmount m 
1943 would nse to Ps 3064 and Rs 506-4 respective!) m the 
two cases 

Conclusion. 

\fitr a discussion of the vurtous methods of intcrpohticn 
md extrapolation the practical utililj of these methods must 
now be clear In admimstnitton as well ns in business mam 
lennnci. of mmute records of each item from d.nte to dale is 
a matter of tune labour and money It is impo sible to take 
yearly census of population for instance Cut popubticii 
hgures arc Near after tear wecessary for eatimaimg the in 
wme from existing taxes for exploring the possibilities of 
new sources and estimating the additional income How use- 
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ful are the methods, disaisscd above, foi estimating the popu- 
lation year after year can be very easily seen. Similarly, 
a businessman’s sales records maj' be incomplete or he may 
like to estimate tlie probable demand for Ins wares in the 
coming year. Methods such as those discussed above would 
provide him with the most likely estimate based on past ex- 
perience. So, these methods are of imment>e practical use. 

EXERCISES 

(1) What is interpolation? Explain its necessity by taking 
a few examples. 

(2) What are the assumptions that are made in interpolating 
missing figures in a series? How far are interpolated or extra- 
polated figures to be relied upon? 

(3) What is extrapolation? Show by taking a few examples 
how extrapolation leads to forecasting. 

(4) What are Economic Barometers? How far do tliey 
help in forecasting economic events ? 

(5^ Give a few examples of tlie use of Interpolation in 
Business Statistics. 

(M. Com., Luck., 1942) 

(6) Explain fully the process of interpolation by graphic 
method. 

(7) Estimate the expectation of life at the age of 16 years, 
using the following data : 


in Years 

Expectation of life 

10 

35-4 yrs. 

15 

32.3 yrs. 

20 

29.2 yrs. 

25 

26.0 yrs. 

30 

23 2 yrs. 

35 

20.4 yrs. 


(M.A., Agra, 1943), 
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(8) Wliat i» irvterpolaUQn’ Under what a«suniptioiis ar<. 
Ihe posiljons of Mode and Median interpolated tn a {requency 
d stnbution ’ 

Estimate the anni.ial sales ol cloth for 1935 frimi the foUmv 
ing records of a cloth dealer — -sss=»- 


Yrar 

Sales of cloth jn Hkh'; 
of yards 

1930 

230 

*925 

385 


328 

1940 

'V y 

444 

(M Cbm, AUd, X944) 

. Interpolate the population of India for 1901 by graphic 

hicihod using the following data 

— 

Year 

Population m 
millions 

i8St 

253 

1891 

287 

j ^901 

•> 

1911 


1921 

319 


'' (10) The following are Uic annual premiums required by ih" 
Dliarat Insuranw: Co I^d Lahore to secure Rs 1 000 with 
profits by making so payments m all What ould he the premium 
payable at age 26 next birthday^ 


Age ii'^xt birthday | 

ao payments 

1 

Rs As 


36 1 

2S » 

39 2 

30 

42 13 

f-' ^3 j 

47 6 


(B, Com, Agra, 1932) 
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u°^ s*''« "’<= oi ina>iiic tax 

comes not Receding Number of asscssccs 

Rs. 1:^ 7,166 

Rs. 7,500 '7,200 

„.Rs.io,i)o 

'Vith inS^noi exceeding 

"vs-' SSi; 

^v'tb an agreed bonus :~ ‘ ^ Rs- 500 payable at tlie death 

next birthday! 2= 


i 

A""®! PrM„i„,„ j 


30 : 35 


40 i 45 


42/5 


-7/1 r • 31/9 I 36/6 

' I 

Calculate the premium at age 36. 

(l-j) 7i,„ f,, . ,, . Com., Luck., ioasL 

10 secure at death the annual premia required 

'Assurance Co. policies of a certain 


Cbmn 


Age next 

birthday (in years) 

Annual 

premium (in Rupees) 

' - 25 

. 

26 

30 

28 

35 

40 

45 

50 

ur,a fUn j • 

30 

35 

42 

SI 


(B. Com., Luck., 1942); 
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^ (J4) Thf followD" taUe gjves ll«e quanuijes of i certain 
brand of tea demanded at pncts noted against each Cstimat'* 
the probable demand \\hen the pnce is Rs i 14 a !b 


Pnce of Tea per lb. 

(m Rs ) 

1/4 

I/S 

\ 1/12 

2/- 

1 =/4 

1 

Quantity demanded 
(.in thousand lbs ) 

S2.5 

;o8 

1 631 

1 

j SSO 

i 

[ 4S.9 


(>fA. Alld- 1942) 
(i*;) The foUmiang table shows the annual rounded off 
\aiue of production in a factorj for the penod 1925—1935 
Estimate the Tm««tnf \'alue for 1930 


1935 

SOO3 

1931 

$^7 

l9-»b 

SO12 

1932 

5 St 6 

1927 

5031 

193$ 

S 733 

19.8 

506S 

19 M 

6004 

1929 

5129 

1935 

6.335 


' T 

(MA. Oil. mr ) 

( j 6) The folloiving- table gives the population of Lucknow 
at the tune of last six censuses — 

18S1 

253729 'jUi' 

1891 

264933 > 

1901 

2.56.239 

19T1 

23^332 ^ 

193 X 

2,17,167 

1931 

251097 “ 

Estirnatc the population of Lucknoiv i 
method onh 

n 1941 by graphic 

(B 

Com. LucL 1938) 


(t?} Discuss the utibty oj interpolation and extrapolation 
to a businessman WTiat are the dfFereirt methods known to 30J 
tor interpolation’ 
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'' X^nterpolate the figures for 1921 by the algebraic method of 
finite differences; — 

Year Population of India 

1901 . . . . 294,261,056, - , 

19“ •• •• 315.156,396 

1921 .... ? 

„ 1931 . •• 351.523.045 

Test the validity of your method if you know the actual 
census figures for 1921. 

(M. Com., Alld., 1943). 

(18) State Newton’s formula for interpolation. Calculate 
the sale of silk in 1928 from tlie following da a . — 

Year Total sales 

(m Rs. 1,000) 

1927 . . . . 233 

1929 . . . . 391 

1931 .. .. 582 

1933 •• •• 799 

1935 •• •• 1035 

(M.A., Cal., 1936). 

(19) What do you understand by interpo’aiion and extra- 
polation? What are their uses? The following table gives the 
normal weights of babies during the first twelve months of life : 


Age in months 

0 

2 

5 1 8 ^ 10 

12 

Weight in lbs. 

7 h 

loi 

IS 

16 j 18 

21 

1 


Estimate the weight of the baby at tlie age of 7 months. 

\ (M.A„ Patna, 1940). 
o) Interpolate to find the missing number in the follow- 
ing table ; 

Year Index No. of Exports 

1919 72 

1920 57 

1921 ? 

1922 Sr 

1923 . 103 

State the assumptions underlying the formula employed. 

■ ■ (B. Com., Nagpur, 1944). 

F31 
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rtr (2i) I utnatt ilie prdMbk number of persons ^;arfiing be- 
Ineen Rs 40 and 50 frosn the foltennig data — 


incQivK. m Rs 
Below ks ao 
Ks 20— -lo ,- ^ j. 
"Rs 40 — to ^ 

Ks 63 — 

Rs 80 — ICJD 


Numljcr of \>crsous 
120 



~^o 


(aa) Inicrpohie tlw nnssmg figures in llie follow ng table 
rwc cului'alion — 


1911 

19U 

1913 

19*4 

1916 

1917 

1918 

1919 


Acres in nullions 
76.6 
-8; 

S06 

r, 

■ Cc n Sgra t937' 


(*3) Tbc following table Rises Uk cemus of poiulaUcm of 
erriaiti town m 1891 i^r 1911 1931 and 1931 Estimate the 
population in iq->5 nnWing >n«T mcthol clear — 


Years 

I opuhtuni 

1891 1 

)S7o4 

(901 I 

i-iZ’S? 

1911 i 

168076 

1921 

1956^ 

t9X‘ 



(MA Cal 1937) 
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(24) The following are tlie marks obtained by 492 candi- 
dates in a certain examination ; — 


Not 

more 

than 


marks 

2^2 

candidates' 

tt 

ft 

If 

45 

t* 

296 

>t 

ft 

tt 

If 

50 

ff 

368 

tt 

ft 

ft 

»i 

55 

It 

429 

tt 

if 

ft 

ff 

60 


460 

tt 

>t 

tt 

II 

65 

ft 

481 

it 

tf 

If 

If 

70 

ft 

490 

It 

ft 

If 

If 

75 

ft 

492 

it 


Find out the number of candidates who secured more than 
42 but not more than 45 marlcs. 

=- (M.A., Cal,, 193s). 

(25) From the data given in exercise 32, Chapter XI, page 
222, estimate tlie number of persons whose income is Rs. 19 but 
does not exceed Rs. 25. 


(26) The annual sales of a concern are given below. — 


Years 

Sales of Cloth 
in lakhs of yards. 

1915 

125 

1920 

163 

1925 

204 

1930 

238 

1935 

282 

Assuming the conditions of the 
estimate the sales for the year 1940. 

market to be the same, 

(M.A., Patna, 1941). 

(27) The following tabic gives 
the time of the last six census ; 

the population of Index at 

1881 

75.4or 

1891 

82,^4 

1901 

86,686 

1911 

44.947 

1921 

93.091 

1931 

127.327 


Estimate the population for 1941. 


(B. Com., Agra, 1944). 
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interpretation or data 

The Science of Stati&lics, a$ we have defined it m Orapter 1I‘, 
B concerned with the study of the methods of collection, analysts 
and interpretation of quantitative data So far, we have been 
dealing with the various statisiicil methods employed in the 
collection and analysis of numerical facts It is propcBcd to deal 
here vinth tlie interpretation of statistical data 

Interpretation. 

Interpretation stands lor the iechnftioe of drawing 
out Inferences from an analytical study of the collected 
flgutos, NWule discussing the methods of collection, present 
etion comparison, correlation, interpolation, etc, we have put 
down wherever necessary, in appropriate places the essential 
precautions which must be hept m view m handling statistical 
lacts for analysis as well as lor commenting on the results of 
analysiN A rcpeimon of all those cautions here is obviously 
uncalled for But u must be said that commonsense is as 
much a chief requisite and expenence as great a tocher m 
the delicate task of interpretation as they are in collection and 
analysis of quantitative iita If this fundamental principle 
IS Ignored fallacious inferences would be drawn, which would 
recoil on the statistiaan and hts saence The statistician, to 
repeat what we have said m Chapter If*, is not an alchemist 
expected to produce gold frCim any worthless material, he is 
rather like a chemist capable of assaying the value the material 
contains and of extracting nothing more than this value 


C/ page 17 
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Freedom 'from bias and prejudice on the part of the statistician 
is, no' doubt, necessary in collection and analysis of data; it 
is all the more so in interpretation, because it is interpretation 
more than — or, rather than — collection and analysis of data 
with which the layman is concerned. The power which figures 
carry with them is such that the layman can be as easily 
iviprcsscd by them as he can be deceived. From the advertiser’s 
gallery, from the electioneering platfofm, from the propa- 
gandist's forum, from the partisan press and from a hundred 
other sources the man in the street is bombarded with tenden- 
tious figures put forward to support some ex parte state- 
ment Sometimes such figures are reasonably and justifiably 
used to form a basis for the arguments built upon tliem; more 
often, they give an exaggerated picture of the truth, which may 
be due to ignorance or inadvertence, but has also been found to be 
influenced by motive, by deliberate wish to mislead. The 
layman is not unaware of this fact. If he distrusts all arguments 
based on figures, his attitude is like that of a reasonable 
man, who has not the training for himself to separate the 
wheat from the cliaff, and is, therefore, inclined to suspect 
everything. Statistical methods are mo_st dangerous tools in 
the hands of the inexpert. A taxi driven by one who does 
not know the art of driving might fall in a ditch or collide 
against other vehicles resulting in serious injury to the 

passers-by, tlie taxi and the driver. Taxi must therefore be 
driven by one expert in driving. So must statistics be 
handled by one who is expert in the subject. Most often 
what happens is that attracted by the power of impression 
which statistics command so many men are led to use them 
without knowing their limitations, and feel jubilant if they 
win their point. At other times, it happens that when 
the data i have been scientifically collected and analyzed they 
fall into the hands of such people for purposes of interpretation 



^TATl>T^C^ A>1> rl-NCrU^ 

as liar Ih km x\ ihi. subject These pcojile srimctimes under llie 
onprtss of ilicir preconceued notions 'ind at other times due 
to the r liabit of criticising ever) thing the) come across, 
II (luige m hair splitting as >f they alone know the art of 
iiiterpriting statistical data It is therefore, established that 
It tK nsk of intirprifiuon >s to lie sc'mbfieaHy perfomicd, 
n mint lx dont b\ a trot statisuoan i^ho nlxisi all preju 
d I in 1 1vT5 the dinng^o call a spade -i spade 

Prebmfnartes to Interpretation. 

Uefore starling on intcrprttation the stati»tieian sliOuVI 
itamne whether 

I ) the ttau arc adctjuale to his judgment upon 
t ) the tlin art hcnm^enmis and coniparaWe 
13J the data ve properU rollectwl anil art without 
bussed errors 

i^l the data hate liwn scicniifiod' rnahretl and ail 
disturbing fnetore crmeHlercd 

\fier satisl j ing himself t n these preliminary points he should 
dnw out reasonable inferences M<»t of the mistakes that an. 
madv m interpreting hguratne data arise from false generalisation 
1 fev. examples of which nu) now be considered 

^Ilstakes due to False (ieneraUsation 

Let us supjmsc that an argument runs as foUoivs 
The prices of agnculiural eomitKxliiies in India in JP43 
were fii,c times the pnces in 1931 In lia s prospentv in J943 
had consequenll) increased bj leaps and bounds 

The argument as ii stands looks sound. Let it be 
agreed that the ratio of prices between the two ytirs is corrccilv 
slated Now 1931 was a year of depression, when agricultural 
commodities were indeed selltng at \ery low pnccs and 194^ 
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a 3’ear of war- boom. Therefore, the two periods are different, 
and allowance must be made for this difference before right 
comparison is possible. Again, are the prices of agricultural 
commodities a measure of India’s prospedity? Let it be supposed 
that tliey are a measure of the prosperity of agriculturists in India. 
But, is the whole of India agricultural, or only a part of it is so? 
Evidently, the \vhole of India is not. Then, is what is true of 
a part necessarily true of the whole? The answer is in the 
negative. Further, even supposing that the income of agri- 
culturists in 1943 was much more than what it was in 1931, does 
tliat measure their prosperity? The agriculturists are to spend 
also, and if in spending they pay six times more on the same 
items in 1943 than what they did in 1931, do they retain money 
with them or lose? They do the latter. And, what is prosperity 
— ^the mere income, or the surplus income? Lastly, what is the 
significance of ‘leaps and bounds’? ‘Leaps and bounds' may be 
an impressive term, but is meaningless to the statistician unless 
- he knows the bounds of ‘leaps and bounds’. These querries will 
suffice to understand w’hat false generalisation may lead to, and 
in what direction the mind of a statistician .should work to arrive 
at correct inference. 

Let us take another example. It may be argued that the 
production of foodstuffs in a country in a certain year was 
only 5 per cent, less than that in the prewous year. There was. 
therefore, no real food shortage in the year under reference.. 
Again, the argument creates an impression. But let us 
analyze it. Is the number of mouths to be fed in the country 
in tire particular year the same as it was in the pievious year, 
or has it increased? If it has increased, the demand for food- 
stuffs, other things being equal, is expected to increase. 
Agaitr, were the foodstuffs exported froirr the country in tire 
previous year? And, have the}' been exported in the year 
under consideration? If they Were not exported in the pre- 
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vious >car and ha\e been exported Jn tbe partituW ytar, 
or if the exports m the particubr jear exceed the exports in the 
previous jear the shortage of 5 per cent would increase to 2 
higher figure «o far as actual consumption is concerred, Furth^, 
were foodstuffs imported into the country in the previous year? 
If yes have they been imported in the particular jear under 
study’ If not there would be shortage for purposes of con- 
sumption And if the imports m the year under consideration 
are much bclovr those m the previous year shortage for con- 
sumption would result These ponts would serve to maVc it 
clear that the taslv of interpretation is not strewn with roses it 
needs an analytical approach 

Another example may be found in the argument that 
since the quantuy and value of goods imported into a cer- 
tarn country hate been increasing the country is prospenng 
Supposing the figdres of imports are correct the question anses 
how much of the imported goods are being ce-<xported? 
Suppose ail are being retained withm the country Thw, « 
the consumption of goods made m the country increasing, 
constant or decreasing’ U it is increasing or constant the 
/«• capita consumption of foreign and native goods is increas- 
ing and if increased ftr capita consumption is a measure of 
prosperity, the country is prospenng But per copxta coa’ 
sumption would increase remain constant or decrease accord^ 
mg to the change that Jakes place m the population of the 
country If the country 1$ being colonized and the increase 
in tl e number of imm grants far outweighis the proportionate 
increase m the imports tt is difficult to say that the prosperity 
of the country is increasing if the consumption of 

nat VC good® population remaining the same decre<es the 
imports may be just suffiocm to recompen e this decrease and 
therefore per capita consumption may not increase f^iere> 
’TouM then be hardly any inctose m prosperity But if the 
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imports are in excess of the decrease in the^COnsumptiori -Of 
fcative goods, the chances are that per capita consumption, ‘jind 
^vith it the prosperity, would increase. Again,' let us look 
the problem from another angle. If, along with increasing 
imports,^ the consumption of luxury goods made in 'the country 
IS also increasing, it is difficult to conclude that per capitti 
consumption is increasing. Luxury goods are consumed by the 
asses and not by the masses, but the classes may form onfy 
a small portion of the country’s population. Wffiat is true of them 
IS not necessarily time of the Me country. "If ‘ the increment 
m eir prosperity is nullified by the loss in the prosperitir 
+PL * ^ section, national prosperity would not increase*. 

ese ines of thought would shorv the amount of care lind 
raution required in interpreting quantitative data. ‘They also 
s Qw that arguments, though seemingly correct, may be highly 
a acious, if they are not properly sifted and analysed. 


Wrong Interpretation of Index Numbers. '' '* 

• already dealt with the limitations , of :i averages 

™ hapter X,® and indicated there the fallacious ' conclusions 
0 which a careless interpretation of averages might leadi 
^^'so, with regard to the use of both the general price and 
a cost of living indices we have given adeqi^tb cautionriri 
apter XII.^ We may here take an example of wrong intCr- 
^etation of index numbers of prices. If a general index 
senes shows a rising tendency in a country, it may be argued 
since price level, as indicated by the index: series,' is 
there is_ inflation in the country. The argument here 
from effect' to cause. This manner of arguing ’ , things is 
questionable and unsound. An effect may’ '.’be the 
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’result of a luuhitude of causes To single out one cau>c 
from tins muUUude, uiihout x-alid reasons and coTToboratorj' 
oiduKt IS not justifiabk Moreover, index number reveals 
a diange m tht rvlitivi \a1ue of the simdard of deferred 
payimm-> and of goods m general — the two sides of ilic 
quanntv ihiorj e<{uattoti It is not to U. inferred that a 
change in the k\v! of pnces is ittcessarily due to causes 
<hrectl> touching iht value of the staniLird rather than to 
causes touching tin \a1ut of the goods, which are twriiig com 
parvtl with the standard The index number merriji reveals 
the changi »n rvlattonship the cause of the change is another 
question niercfore, it is not safe to sa^ that if an index senes 
shows a rising tcndencj the ciu«e for n<e iff pnee loci is the 
increase m qnantu) of nionev pusheil into circulation. Index 
numbir simply shows the lendenc) 


^rong Intenmtatton of Coefficient of Correlation. 

correlation stm^ .limes that tilo 
are relatal to cash other The taW „ba,„rf J„r the co 
efficient to a t.nam case .hotiM K niteijitctial mth great 
cattlion Suppm. a ncgatitc correlation is touiiil to ecist be- 
tween area unihr jute anil area under nee in Beiiral Tlic 

argument may nn, lint the culmation of jute in Bengalis 

inenasiiig at the expense of net Th.s ,.„gh, ,„,p|, ,ha, ,l,e 
I«a,le of Benpl oant ,jme ,„tc for inanntaetnr.ng j»te 
cloth, gunny lug., sand hags etc, than nee for direa m 
stunption Tins implication mav »mv » 

e . . e-e , provt incorrect, if. aa 

fnnhe, ...vealigation, found e„ area inder 

jute IS due to war emergen., nepnc.g ,, manufacturers or 
doe to telati.ely higher pnees of j„,e d„ to such el, It 
change, ,n the pronnee aa fasour the gruvith of jute 
than that of nee. and the coltnation of nee has gone down 
at the same tunc either heeau.e of nee plots ha.ing g„„e 
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under a crop oilier than jule, or becaubc of the relative fall 
m price of rice or of rice-growers having joined the armed 
^rces of the country. So, alUiough the area under jule is 
increasing while that under rice is decreasing, it docs not 
necessari!3' mean that jute is being grown at the cxjicnsc of 
nee. From the above line of arguments it follows that 
die interpretation of the value of co-efficient of correlation needs 
not onl}' caution, but also a thorough knowledge of the facts that 
constitute other hypothesis. ' 


H rong Interpretation of Co-efficient of Association. 

While dealing with association of aurihirtcs in Chapter 
XVIIF- we made reference to partial association. Wc pointed out 
die reasons to wdiich illusory association may be due, and tlie 
fallacious conclusions to which such an association might lead. 
One more example mny be taken. 

It is observed, at a general election to the provincial 
legislatures, that a greatci iiroportion of the Hindu Maha- 
iabha candidates; who spent more money than tlieir oppo- 
nents, the Congress candidates, won the election than the 
Congress candidates w'ho spent less. It is argued that the 
Hindu Mahasabha candidates won because of their having 
i^pent more than the Congress candidates. That is, tliere is a 
positive association between “spending* more than the oppo- 
nent” and “winning.” The argument would be sound onl}' 
if, on further investigation, it is found that these two attri- 
butes are not influenced by a third attribute. If a third attri- 
bute influences them, the co-efficient of association would wmrk 
out to be a high figure even though “winning” and “spend- 
ing more than the opponent” are not related. For instance. 


‘ Cf. page 452_ 
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the pol c\ pnwtp’cs and progrimmc ol tljc Hindu Maha- 
s„ljh4 nu> Imc Ecntrally eamtd the day, and ' spending more*' 
tud noHiiiig io do with iis success 


GfuonU dlrtKdlmw for InlerpretalJon*. 

In all tlie above examples we have not doubted the 
accuracy o{ the data. \Vc haxe rather supposed that the data 
are correct, properly collected and prcsetite<l But, even tntb 
Correct data we Kavc seen ho\% wrong and fallacious condu 
sions might be drawn. It will be sem that m all these cases 
appeared to be correct at first sight was not necexsarity 
So when further tnvesttgaiions were made Therefore; a 
Malistieal coticlusioa mutt be based on all possible mvestjga* 
tjons In other words statistieal mults should not be con 
sidered as the sole determinants of the value of gnen data. 
Stolmical treatment affords only one method of judging a 
phenomenon It u not the only methcAl available. Tbere- 
fore. inclusions based on staiuticsl analysis mean nothing 
more tvsn what figures implj ^ statistician cannot be d(^ 
malic f about his conclusions. He cannot, and should not 
^ ^ figures tell that a certain result mwl be such 
and such. It may be. n may not be It will be Only when 
It bv Olto mshod, studj.ng v.m. ph.no- 

bmitation on lb. inlcrpmabon of stabs 
to sbonM be always lop, Apm stabsl.cl 

to ars ,„o on,, „„ „ ^ ^ 

' "T‘ "" Sbsbsbcs J«l!s 

■E»tof»b,l s mtospseung atabsbcl ,U,a. 

''I.«lUbMa wid Pntnin if SutL-ttisn in 
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EXERCISES 

t 

■' .^Vhat kind of mistakes are generally made in interpret- 
S statistical data? Give examples. 

(B. Com., Alld„ 1936). 

(2) What conclusions would you draw regarding the eco- 
^nic activities of the people living in the U. S. S. K. (Russia) 
the study of figures given in the following table; — 


Industrial Production . . 

1929 

1930 

(1928=100) 
1931 1932 1933 

1934 

1935 

126 

164 

203 

231 250' i 

300 

369 

Out of Investment 
goods 

131 

iSs 

240 

279 307 

382 

481 

^nt of Consumers* 

'goods 

% T - * * 

122 

147 

172 

190 200 

230 

274 

Imports 

92 

III 

116 

74 37 

24 

25 

Exports 

1 14 

128 

100 

71 61 

52 

45 




(B. 

Com., Alld., 1939)- 


What do you understand by interpretation of 

t'cs? How is it done? 

How would you interpret the following table 
‘ge-distribu.ion per thousand of tlie population in 1911? 


Age 

Germany 

France 

England 

U.S.A. 

Japan 

Under 10 

234 

171 

200 

222 

244 

10 — 20 

203 

166 

190 

198 

198 

20 — ^30 

164 

158 

173 

187 

IS4 

30 — ^40 

139 

148 

152 

146 

13S 

40—50 

105 

127 

115 

J06 

lOI 

SO— 60 

76 

104 

80 

72 

77 

fio- — 70 

51 

77 

51 

43 

57 

70 & over 23 

49 

30 

26 

31 


Statis- 


giving 


India 

276 

192 

■17S 

142 

99 

61 

36 

j6 



•194 


STATISTICS Tueoav am> ruACTicr 


(5) lirttrjirct the facts conWined m the follt%\ing table. — 
Popubtion in Mew density \o of females 
1931 m milUons pef a<j mile per icioo nvilcs 
In la »9a 94^' 

ncngal I 64 f» *'24 

Midras -167 jaS* 1023 

ir I* 484 45 ^» 90- 

D har S. On sa 454 tcn-« 

llombay 21 9 «77 9°' 

Ajmer 05 307 892 

Assam 15“ 9^*' 

’llw {Qllowms IS an extract from an t Pke draft of an 
Annual Report of a large Public Library RccapttuLate the 
essential statistical information m the form of a tabular statement 
and bring out impressi\ely tie companion attcmpteil in the 

Report 

I caduiR twbus among borrowers tarj from tear to year 
Top cal events Icaiy their impress on the numlier of borrowers and 
more particularly on the damage infliete<l on booVs borrowwl 
Whilst m 1938 only 15000 books were lent out the stress 
of events in 1939 attractcil no fewer than 380000 bornwers 
Tliesc latter indented as many as 23500 and either lost or da 
imgwl 800 books In 1938 there were onlv i so 000 borrow ers 
^OOD borrowing 4000 f>ooks dealing wnb ''relit n T lllhialnled 
News) 

In Section I (Intel) 1,000 were lent out in 1938 but 
the number mercas^ to ''poo in 1939 while llr nnmUr of bor 
rowers mcrnwl from 2000 to loono and th lr«<ie« d mmisl ed 
fro n S to 2 or bj 60 per cent 

Section D is made up of 1 amphkt In 1938 li ues amount 
cd to 2,000 books and borrowers 25000 fhe statistics ont) one 
year later were 3000 l>ooks and 60000 borrowers with too losses 
In Section D 40 books were lost in 1938 while m Section F, 
6S0 fosses among 2,80000 borrowim were recorded m 1939 it 
may be noted that in this section the issues m 1939 were 
14000 

Section C (rvography) was to 1938 ri-spinsiWe lot i 000 
boots 2 000 borrowers and 2 losses but m 1939 although the 
books had increased m number bv exactly one half the nu nlier 
of borrowers rema ned exactly the same as before md so also the 
number of losses. 1 
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In Section B (Science) there was no increase over the 3,000 
jn 1938 but 15.000 borrowers in 1938 increased by 3,000 in 1939 
The losses were exactly double, 3 in 1938 and 6 in 1939. 

Curiously enough in Section A (Fiction) the number of 
books and books lost which were respectively 4,000 and 20 in 1938, 
v.’6re reduced in 1939 to exactly one-half of these numbers. The 
number of borrowers also diminished from 28,000 to 10,000 in 
^ 939 - The total number of books in 1938 was 170 of \\hich 100 
were recorded in Section F. 

(M. Com., Luck., 1942) 

(7) _ .What inference do you draw regarding the Indian Busi- 
ness Activity from the following indices of “Capital” Index of 
Indian Industrial Activity? 

August 1939 

September 1939 

October 1939 

November 1939 

December 1939 

Januarj' 1940 

February 1940 

March 1940 

April 1940 

^lay 1940 

June 1940 

July 1940 


1 10. 1 
117.4 

1 13.0 

111.9 
121.3 
116.6 

116.9 

112.1 

117.2 
122.0 
115.8 
II5-7 


(8) What are statistical fallacies? 
nig the' factors responsible for tliem. 


Giv 


e examples 


mention- 


(9) Comment on the following conclusions; — 

(1) Population of Kanpur doubled during the decade 
1931-41. Therefore, the birth-rate for the town has 
also doubled. 

(2) The export of gold from India is increasing. The 
people of India are, therefore, getting poorer. 

(3) The national income per head in India has now in- 
creased to Rs. 100 from Rs. 30 in 1900. Therefore, 
the people of India are now more happy. 
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(4) The. income from stamp duties has been increasing in 
India Therefore, the number of suits filed in courts 
js increasing 

(10) How would the present World War influence. 

(а) Popubtion Census of iQSr m India 

(б) Marriage rate in Indn 

(c) International Comparison of Statistics, 

(d) Life Insurance 

(11) It IS observed that intelligent fathers have intelligent 
sons and intelJigent grandfathers haic intelligent grandsons 
Therefore intelligence is heredilar> — Comment’ 


(12) Months 

Notes m Circula 

Bombay ^Vholesal■* 

ifwi 42 

tion (Cfores of Rs ) 

Price Index No 

Apnl 

249 

122 

May 

2SS 

123 

June 

260 

127 

J«»y 

257 

140 

j August 

25S 

144 

September 

266 

»45 

October 

274 

*52 

November 

284 

162 

December 

304 

180 

January 

328 

184 

February 

349 

iW 

March 

357 

197 

Calculate the co-effiaent of correlation from the above datx 

and fully discuss whether the co-cRiciwit ind cates that the rise in 
wholesale prices at Bombay a due to intlation 


(13) Plot the index numbers of commodity pnees m both 
Bombay and Calcutta (given in exerase !•» Chapter XVIl page 
432). against tnUe in gtaj* paper Study the graph attentnely. 
Mid write a short review of the course of commodity prices m th<* 
two cities dimng the penod l&y to rcbniary 1^3 

(M.A Agra I944) 
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SPECIMEN OF A BLANK-FORM. 


The following blank-form was used by the Central 
Bureau of Economic Intelligence, United Proi'inces, in an 


cnquir}' into 
Provinces. 

family 

budgets of 

mill worker 

^ in the 

United 

I. 

FOOD 



1 II. FUEL. 

Article 

Quantity. 

Cost. 


Article. 

Quantity.j Cost. 

Wieat 

Wheat Flour 
Gram 

Gram Flour 
Birra (Bejitar) 
15 ice 

Barley 

Maize 

Mds. 

Ks. 


Fiie^roocl 

Coal 

Dung-cakes 

Total 

Mds. 

Bs. 

Jttar 

Bajra 

Dal urd 

Dal Arltar 




III. 

LIGHT 





Article. 

Quantitv. 

Cost. 

Dal Mmg 

Dal 




Ivcio5eno oil 



Ghee ‘ 

Oil ( ) 

Milk 

Sugar 

Gut 

Meat 

Fisli 

Eggs 

Fotato 

Other Vege. 

tables 

Salt 

Spices 

Sneef meats 
Fruits 

Tea 




ilatches 

Total 






IV. HOUSE BENT 


•- 


Rent. 

! 

1 

' 

Repairs 

Total 

Total 





■ — 

- - 


F 32 
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TATlSTiCS ThFOR^ \ND rR.\CUCC 


\ CLOTHI\GA\D FOOTWEAR 


Cost pcf moutii 


S ( Kusn tAh ) 

10 ^Hmal 

11 '^eka 


17 Sot 
i? 1 yjAfUi 
19 lahnni;<t 
“0 S Tf 
I Aal Ici 
»" rrllTi 
3 7>kr;i<i 
®l. ciitfjipfir 
tv« PtocU US' 


(.fl CRILDPE.N 
"7 1 )10» 

”3 

iahnnga 

30 ryjrtmo { 

21 S) rt 
3 tdibica 
32 rrhn 
34 

^ Clinppfll I 

3f C*p 


Tolnl C 
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VI. HOUSEHOLD REQUISITES. 

IncLuding receipts from home. 

i • 

Article. Ivo. Cost j Life Cost per month 

i ' 

Es. a. p. Months Es. a. p. 

1. Charpai , ' 

2. Ee-netting ' j 

3. Dari i 

4. KaiTiri : | 

5. Saeai J | 

6. Sheets 

7. Blanket 

I 

8. Utensils i 

I i I 

9. Tinning j j ! 

10. UmbreUa j I 

11. Mattresses j 

; 12. Hiiggn i j j 

, i 

i 


Total 
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SPECIMEN OF QUESTIONNAIRE 
FOR THE CONSUIMPTION BUDGET OF AN 
ARTISAN'S FAMILY 

A. PRELIMINARY. 

1. Names of the Milage, pargana, iclisil and district. 

2. Nearest post ofiicc, police station and raihvaj^ station. 

3. Name of tlic bead of the family. 

4 Religion and caste. 

5. Number of memljcrs in the famil}- residing with the 

u’agc-carner. 

Adults: men and women. 

Cliildrcn (under 12) : boys and girls. 

6. Number of dependents not living with the wage-earner. 

Adults: men and women. 

Children (under 12) : bo3's and girls. 

7- Number residing outside the village and conliibuting 
to familj’’ income. 

B. MONTHLY FAMILY^ INCOME. 

1. Nonnal montlily earnings of the head of the family. 

2. Similar earnings of other membeis of the famil3’^ in 

the village. 

3- Contribution to family income by those residing abroad. 

4- Other sources of income. 

Kind. 

Cash. 
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C EXPENDITURE ON TOOD (^lONXIttl) 

Quanitl> and Cost oJ 

I Pice 
WTicat flour 

3 Barlej JoMir Gram rt*. to be spcafied 

4 Pulses to be speafied 

a 0.1 ( ) 

6 Ghee 

7 Salt and spices 

5 \ egetables 
9 Fruits 

10 Meat and Fish 

I I Sugar and gur 

12 Tea. 

13 Others 

D EXPENDITURE ON FUEL AND UGIIT. (^lOKnOA’) 
Qitantit) and Cost of 

1 Coal or cow dung 

2 Ctorcoal 

3 Firewood 

4 Kerosene oil 

5 Castor oil 
6. Others 

E. EXTENDirUKC ON RENT. (SIONTIILl) 

1 Is the house own or taV.cn on rent’ 

2 H taken on rent the amount paid as rent 

3 If own, 

fa) Cost of repairs paid to labourers and suppliers of 
matenaU 

(b) Was family labour used’ If jes to what extent’ 

(c) Cost of while washing 

(d) WTicn was the house cotislruc'ed cost of construe 
lion , life of the house’ 
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F. EXPENBmjRE ON CLOTHING AND FOOT^VEAR 

(MONTHLY) 

For each article tuider this head answer 

1. number of articles purchased, 

2. the period they are estimated to last, 

3. total cost incurred when purchased, 

4. estimated cost per month. 

For Men : — 

1. Dliot\cs. 

2. Pyjamas. 

3. Kurtas. 

4. Shirts. 

5. Pagrl, turbans or caps. 

6. Coats and waistcoats. 

7. Sherwanis. 

8 . Mirzais or hancUs. 

9. Dlinsa or Lohi. 

10. Angocha or handkerchief. 

11. Socks. 

12. ■ Shoes. 


For Women: — 

1. Lahanga or Sari. 

2. Phariya, Urhni. 

3. Kuril. 

4- Bodice. 

5. Petti-coat. 

6. Chadar or Burqa. 

For Children : — 

1. Dhotics. 

2. Series. 

3. Kuria. 
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-t Cai 
> rt 

»> Bodte 

F\jfl>ia or Lchauffo 
B Shoc« 

0 hiqo fa 

G Exri2a>mjRE on household requisites 

OtO\TinA ) 

Liukr iVia \ 14 i ilso answtrr lot rach irticlc 

1 Uh nuTibtT purcha.cd 

tVe jNn nl xl «.) are ««inatc<J to Iasi 
j ih i i il >.ps inturrwl whtn jwjrdiaieJ 
4 <.11 UtJ ».o't per mOPth 

1 Or bi-ddin^ I urpo — 
t t harlot 

r«i 1 rg projxr 

Ocri dollar vcfjo lihaf jiUo'-ose^ bUnktls 

rojou 

3 Lanwt for floor 

I or utensil — 

t TIaiiPaf-at 
. D (J Boliio Paftli 

3 horhai ro^u 

4 Chamrhtt thinta 
Other 

II EXPENTilTURE ON ^USEELLAKEOES TTESIS, 
(MONTIHA) 

t \rtiouni paid to bartser 

washerman 
sweeper 


3 
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4 . Amount paid to village puioh\( or mulla. 

5- „ „ ,, for icligioiH funetiunb 

6 . „ „ „ medical fci'. and medicine 

7- » „ education 

S- „ „ tinaelling In rail and road 

9‘ If ,, toinenlional neces■.l!!e^ Pun Supa>i 

Phanq, tobacco, etc. 

10. IntcrciiL on debt. 

11. Repayment of debt. 

12. Payment to married daiightei 

13. Paament to deptndents not luing in the Milage 

14. Expendituie on anui'ieintnis 

I 5 > „ „ litigation. 

16. An_v otlier expenditure, cq , on jeweller} or ornaments, 
sending lettcis, Ttka-hhidu <-te'. 

ABSTRACT OF EXPENDII’URE. 

I'amil}"^ Income. 

Family Expendittii c . — 

Food. 

Fuel and light 
Rent. 

Clothing and footwear. 

Household requisites. 

Miscellaneous. 

Balance of Income over expendituie 
( + or — ) 
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UST OF isiroirrANT staiisiicai^ pubucaiions 

(A) Tc^ao 

I Publications of tJie Department of Commercial Intelli 
Rcnce anil Statistics 

I Ind m Tm It Jourul iWeelJv) 

\t.t jn»s relatin" to Jie Sen home Tradi and \aii 
"Miou o( India yMtin\bUt 

\ ^l ihU ‘^uti iicv of cotton Spinning and \\ea\ns 
ui In Inn MilU 

^ Mtutlilv Sn 1 iivs oi ih Production of Certain Selected 
In lu iru-« t f Ini 1 

n Vio itns rebi ng to the Inland (Rail and Kiver bome^ 
Tra k of In<l a ( Monlhb I 

o. Moothl> Si-iieinroi of wholesale prices of certain 
^clectetl at1icU'> at xarious centres in India 

7 \(^olu«^ reliitng to the Se^ borne Trade and Navtga 
t on oi India t \tmuall 

8 Statisiml \bstTael for Indn (Annual) 
q Agr -uUural Sliti*ljcs of Indu — 

\ol 1 — Ind i t Vimtalt 
Vol 11 — In Inn Stiua (Vmual) 
lO l^imates of \rt^ and \icll of Principal Crop5 in 
India { Annual) 

II Indian Ita Coat PuWxr and Coffee Statistics 
(pullisl»e\l «c|«rauUt I -Annual) 

!•’ lomt Stock Conipcines m India and in some Ind an 
Slates t tiinual) 
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13 - Statistical Tables relating to Danks in India (Annual). 

Id- Statistical Tables relating to the Co-operative It'Iove- 
ment in India (Annual). 

15 - Review of the Trade of India (Annual). 

id. Large Industrial Eslablislmicnts in India (Biennial). 

17. Live-stock Statistics, India (Quinquennial;. 

18. Quinquennial Ivcporl on the average \'icld per acre of 
principal crops in India. 

19 - Crop Forecasts of Rice, Wheat, Cotton, Linseed, 
Sesamum, Groundnut, Sugarcane. Castorseed 
(periodically), (Also published in the Indian Trade 
Journal). 

Reports of Comniitfees and Comraissions. 

1. Datta’s Report on the Rise of Prices in India (1912). 

2. Report of the Economic Enquiry Committee (1925). 

3. Report of llie Royal Commission on Indian Agricul- 
ture (192S). 

4 - Report of the Taxation Inquiry Committee. 

5- Industrial Commission Report, 

6. Report of the Royal Commission on Indian Labour, 

7- Banking Inquiry Committees Reports (Central and 
Provincial) . 

8. Reports of the Committees and Commissions on Indian 
Currency and Exchange. 

9. Industrial Surs-eys in various districts of U.P. 

10. Labour, Unemployment and Textile Enquiry Com 
mittee Reports (Provincial). 

11. Tariff Board Reports. 

12. Report of Bowley-Robertson Committee. 
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ni other Go\ eminent Publications 

I (jizaie of Intln (Wttkl>) 
irevmeni Gitcttts (Uetklj) 

T, l-abour Gizette Bomtn> t MoUthl) ) 

I Ltniral 111(1 rrt>\iiKulGo\trnn«.ii>'> Budgets (Annunn 

5 Admin stmtion K.p ns of frOMncial Go\crnnen{s 
( Annual ) 

6 Xdinmistmlion K«pori of Uiilv'ijs ni Inilid (Annual) 

7 Report of the Cuuirolkr of Cumnej (Annual) 

8 Censu'; Ktporis (for liulw Iro\intes incl Value 
SiaKs) (Dicennnl) 

9 Working G » s I amiK Fudgeis 

10 Momhl) SurN(\ of liu mess c<*nititions in India 

11 OuiOe lo Cumin C>lbrnl SuiiaIics 
i« InJnu Uiboir Oizeiie (.Monihl>l 

IV IS on oflicial Publications. 

1 Sinkh\a (Journal of the Indian Statislical Institute) 
i CilcuUa) 

2 Lap tal (CiKutia) (Weekly) 

S ^nd-tn JowmW of Pconomu ( AWiValAd) 

4 Commtra (Bombay) (Weeklii 

5 ln\i»n\cir Book (Timesof Indn Bombai) ( Vniiual) 
G W cilih of Ind 1 b\ W idi » and Jo hi 

7 Wcallli ind Taxable C iincity by Shah and 
KhamhiU 

8 India 5 Niti nal Income b\ Y Iv. R V Rio 

9 raslern Leonimst (WecW>) 

(B) Foreign 

1 Publicalionj of Great Bntaia 

1 Boird of Trade Journal ind Commcrenl Gazette 
(Week!)) 

2 Ministrj of Labour Gazette (Monthly) 
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3. Journal of the Rojal Statistical Societ3', London 
(Quarterly). 

4- Annual Statistics Abstract of the United Kingdom. 

.'i. Guide to Current Official Statistics of the United 
Kingdom. 

6. Census Rcpoi ts. 

7. Census of Production Reports. 

8. Reports of Commission on National Debt and Taxation. 
9- London and Cambridge Economic Survey. 

H. Publications of the League of Nations Geneva. 

1. International Statistical Year Book (Annual). 

2. Memorandum on Currcncx’- and Centi al Banks. 

3 - ^Memorandum on Public Finance. 

4- Methods of Compiling Cost of Lning Index Numbers 

(1925)- 

5. ^Methods of Conducting Familj' Budget Enquiries 1928. 

6. Year Book of Labour Statistics (Annual). 

7- International Labour Re\ie\v. 


m. Some Standard Books on Statistics. 

1. King, W. I. — Elements of Statistical Methods. 

2, Boddington, A. L — Statistics and their Application to 
Commei ce 

3 Connor, L. R.— Statistics in Theory and Practice. 

4. Jones, D, C. — A First Course in Statistics. 

5. Secrisl, H. — Introduction to Statistical Methods. 

6. Bowlev', A. L — Elementary iSIanual of Statistics. 

7. Bowley. A L — Elements of Statistics. 

8. Zizek — Statistical A\erages. 

9. Yule, G. U. — ^'riieoij of Statistics. 
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10 \uk G L and Kendall — A« Introduction to the 
Theory o! SttU ttes 

1 1 "Milh I C — Stiustical Methods applied to Lconomics 
and Cu'iincss 

Elderion \V P — 1 requenQ Cur\cs and Correlation. 

13 Pisher R A — Stiti ucal Methods for Research 
\V arktra 

14 Fisher — Mat mg of Index Numbers 

15 Da\is and Ncl'on — Elements of Statistics 

16 Ricliardson — Business I orccastmg 

17 Wheldon H J —Business Statistics and Statistical 
Method 

18 Tippet L. II C — ^Thc Methods of Statistics 
39 Florence— Statistical Methods m Pconomics 

20 Rhodes — Elctnenlarj Statistical Methods 

21 t>a\ic4 and Crowder— Methods of Statistical Analysis 

22 Kelley— Statistical Methods 

S3 Das enport— Statistical Methods 

24. Thurstone E E — ^Tlic Fundamentals of Statistics. 

25 Elderton md Eldcrton — Pnmer of Statistics 
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arEASUREBIENT OF TiiE NATIONAL INC 08 IE 

OF INDIA 

SUMI\IARY OF THE SCHEjSIE RECOMMEXDED BY THE 
BOWLEY-ROBERTSON COMMITTEE 
Dr. A. L. Bowlcy and Mr. D H. Robcibon wcic in\ited 
by the Government of India to consider, inter alia, the materials 
available for estimating tlie national income and \vedlth of India. 
They submitted their report entitled 'A Scheme for an Econoinic 
Census of India, in 1934, whereui, stating that these materials 
were very' defective, they' put forward certain practical proposals 
for estimating the total national income of India. ^ 

‘The national income,’ according to the comnn'ltee, is t le 
money measure of the aggregate of goods and services accruing 
to the inhabitants of a country during a year, including the net 
increments to, or excluding net decrements from, their m iM ua 
or collective wealth.' 

Two methods of calculation have been pointed otit: the 
first comprizing an evaluation of the goods and 
and the second a summation of individual incomes. le 
the census of products method and the second is t ic census ° 
comes method. The first method is unlikely to e c\ ei , 

over even the whole of the industrial e in ^ 
caulion in combining the rcsnlts ot the nvo n.ethods m.,> be 

necessary'. 

The rermis of nroducts method involves 

J.ne census ot p nntmit of aeiicullurc, mining, 

(i) evaluating the net ° P . ^„,i(,.rnrises at the 

industrt- and other productive enterprises at tne 
industry, Rrecaution is necessary to 

^ countincr (^.ff , counting both the 

output of°wheat and the'^labour of the cattle employed 
in raising it) ; 



-13 ^TAtlSTICb THFORV A'»t> TRACTlCi: 

(ill uniiiK iIk \-iIw. ndckU irin'portinp and mcr- 
ihaiiiinp in iht countr) to home produce 

^otxls and to import? 

nil) iiWmj' «n honu p«-«xl« cd poods and cus- 

toms dutu-s on import-* 

in> addm« ibi i »)ut of import intludm? gold 

ind «iKt,r 

(\) diiluiting tlK \alui ot cxport-i (fob), inJudmg 
gold ind s»K«r 

(\i) diduciing Ilk \aJ«t u{ RixkI I omc produced or 
mipontd ttWh irt iwd lor lOrtiiiUining iixctl capital, 
or sto>.h- < f n\\ and hmshcd f, xxJ- intict 

(.Mil adding thi. \-alui of pcrsoail irvicis of ill hinds, 

(_\iii) iddmg du \tarU rental \ dtn of hoti c« nliellier 
rttUid or (KcnpKil b> tin Ottmr-* 

(i-i'i idding tin tmmmin-* in tin hoW of Ivihnctsand 
si-cuntas ibroad l>\ tndtMdn.ils or b) goitmment, 
or detlnctmg Uu decnnnni in su<.h holdings, 
siinilirU di,-diKtmg iht iikremenl m such holdings 
in the countn l>\ r^sulcnt-. alroatl, or ulding ilicif 
decrcnient 

Tlie meihfxl dc <nb*d ilxAt. is the ncr fundanuntal of 
the Ino niithiKl-. of tsalmuii^ the N'monal Income Certim 
precautions tit follmmg iht i.cnsus of inconns m<.Uiod must be 
observul in ordir ihit ibi iisults irmtd through jt ma;y tall^ 
with tho^e obtained In thi hrst oielhwl 

(i) All sill c m^unK■d imxlut.*. ind n.Ctipls m kind 
must be imludid m the mdividinl-' income \-alued 
it tlkir Silling priec it the ot prcKluctiom 

So mu>t be the jeirli \ due of houst-s occupied by 
'the oWTiirs 

U') All interest paimenis mu t be di-duitcil tiefore wnttng 
down indniduils income 
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(iii) The incomes of all individuals in the country should 
be entered gross, i.e. before payment of direct 
taxation. ' To this total should be added tlic un 
distributed profits of companies and the net profits of 
Government enterprises. From this total should be 
subtracted the interest on Government loans otiicr 
than for' pi'oductive enterprises and tlic pensions 
of all ex-Govemment sei'vants. 

Tiv) To the total so far reached should be added icceipts 
from customs and excise, stamp duty and local rates. 

The suggestions which Dr. Bowley and Itfr. Robertson 
^ 3 ke (stated below) relate to the estimate of the brosd sectiotts 
of Kadonai Income; the various adjustments indicated above 
v/ould have their place in final calculations of the National 
Income. 

The investigation tliey propose for estimating the national 
ntcomc is primarily on the basis of production but a minor 
part depends on individual incomes. The propoilion to be thus 
^timated is probably greater in the towns in India. They say, 
partly owing to difference in na’nre of the products and partly 
*^usc different methods of investigation are necessary, rural in- 
f'ome is distinguished '^rom urban income.” 

^or rural income they recommend an estimate of t 1 >c 
quantity and value of all goods and services arising from the 
land Or rendered in tlie village, by the method of intenstvo- 
in selected villages. 

^ For Urban income they suggest, in the first instance, survej-rv 
the larger towns based on a sample enquiry of the personnel 
®ud occupations of families, an estimate of their incomes by 
statements and by investigation of v.'ages and salaries 
prevailing in the town. For incomes over Rs. i,ooo or at 
fast over Rs. 2,000, income-tax statistics can be of much help. 

P33 
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The\ lave also retommcnded an inVcrmedute Urlvin 
Popuht on Ciirnsus 

These lliree enquines would K supplemented b\ a c<nsuj 
of } rcfi iction applied to factones using iv3u-er mines and some 
other mdustnes 

Rural SuTvej^ 

The method advorased for Selecting ihc villages lOr the 
purpose of inlensivc surv^ is ihat of random sampling It 
consists of malang a list of all the villages m a provnnee in gto 
g'aphicaJ order of disincts, and aftir decidng the number 
will be investigated marking out surting from «ome random 
number the required number of villages all ncarlj diuall) spaced. 
Thus ever) un l in the aggregate uill Itave m equal chance of 
br ng taV.cn in \Vben a vUhgc has been once ‘elected it 
should on no account be subsmuted b> another 

The report fives the followanf table which shows the 
proposed minimum number of village to be mVTstigated in 
eadi province 


Provnnee 

Ivumber of ^^lllages 
in Province 

Is umber m 
Sample 

Bengal 

S6000 


B har and Onssa 



Ik«nba> 

at 000 

200 

Central Provinces 

40000 

sod 

Madras 

srooo 

SCO 

Punjab 

3 j«» 

200 

Liiitcd Provinces 

Xo6ooo 

300 


To amve at the total for India some estimates tnu>t 
be made for Assam N \\ F Province tea plantations of Bergal 
■areas of Bengal where coalmnmg js important and thu areas 
effected b) earthquaVe and iwrt cocnpletelv resettled bv the time 
®f ll e tnquuy 
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The invesigator should be trained and live in each village 
for 12 months. In many cases tlie villages could be grouped 
in threes or fours, say 30 miles of each other. To each of such 
groups a superior investigator would be attacched, who 
would live in the largest village and do supervision work.' 
Each province should be under the charge of a qualified 
statistician; and the entire survey should be controlled by the 
Director of Statistics, whose appointment the committee re- 
commend as part of the Permanent Staff. The necessary 
schedules should be prepared by the Director in consultation 
with Provincial Statisticians. They should be adapted to local 
conditions, and local terms of' weights, measures, etc. should be 
used. The main enquiry would, no doubt, be directed to income, 
production, consumption and allied topics, yet the investigators 
would have ample time to report on subjects like health, co- 
operation, debt, etc. 

Urban Surveys. 

Random sample of towns is not recommended. The pro- 
blem is to be dealt with step by step, first by a synchronous 
survey of those cities in which Universities can organise satis- 
factory investigation, secondly by making similar, though not 
so intensive, surveys of other towns. After the Rural Surveys 
and the University City Surv'eys are completed, efficient investiga- 
tors should be engaged to survey selected towns. 

University City Surveys. 

In the organisation of these sun'eys central control should 
be combined with local autonomy. A central committee should 
be set up to draw up an outline schedule of enquiry, to advise 
on any points referred to it and to present a report on the whole 
.subject in the end. 

If the surveys fall to Government Colleges, co-operation 
of Director of Public Instruction and the Education Depart- 
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cient would be iKCcssar) If llKy inll to $eU go\eniing Uoi%tr 
SJiies arraugemciils would be na<le with the Lcononucs Dcpari 
nieni of the Universities concerned. Citj suncj should U. 
ireclly earned on by one of ihc Lcononucs sialT The detailed 
mvcsiigatioTS should be earned out by gtadiiatcs or jKot graduates 
reading Ccononics 

Tlicre arc tv.Q methods of approadi t Occupational 
. By families 

1 An occupational ceirstis is ibno^i css<^n ud In each 
industry and inporlanl occupation in the town cnqtiines should 
be made regarding current rates of earnings and wages csl« 
mated over the year and allowing for season-*! \-amtions It 
would include not only tl>o->c employed tn construcitve m 
dustries but tl>o clerks ntuntcipol and railway employees tonga 
dnvers and all others workitig (or salaries or wages or making 
small profits The method of payment (piece or tune) may also 
be recorded 

2 An accurate list of houses or ivneininis is necessity 
Big towns say of more tlian 150000 persons may better bo 
dinded irAo utsrds or grw/ps oi uards so (hat a taut ntty const^^ 
of 30 000 houses About 1000 houses inay l>t selected in eadt 
unit on random basis and visited by invvstigstor House once 
«e’ected should not l>c substituted bv aiiotUcr 

The visitor should eslablt. 1 ) frtendlj ixUlions with llic 
residents Thereby he would be able to obtain reliable mfor 
1 lation about numbers sex age and occupation of tl e famili 
group. Repeated visits may be necessary Sclietliiles should be 
filled m immediately after and not during the m»u 

The totals should in case of doult be gisen as within 1 
certain range All cxisung data relat ,ig to the 5t b;cct of Ihc 
survey emanating from Central and Local authonties trad 
OT^isations etc should be studied. Co-operation of these offcial 
and non official organisations dwuld be sougl t 
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(\*n6us of Production. 

This census would be imposed by a special Act of tlie 
Central Legislatuic, m’aldng tlie communication of facts de- 
manded compulsory. It would be conducted by tlie Director 
of Statistics. Industries employing 20 or more persons and using 
mechanical power, some small workshops, certain industries 
where mechanical power is not used such as brick-making and 
carpet manufacture, railways' and all establishments under the 
I^Iincs Act would be covered. 

Progress of factoiy industrj' is, to some erctent, at tlie 
cost of cottage industry. Therefore, it would be good if tlie 
two could be bi ought in relation to eacli other. If some 
yearly data regaidlng them could be procured, an idea of 
their relative increase or decrease would be available. The 
necessary facts to be collected arc the aggregate value of the 
sales and the aggregate cost of materials for each factory. 
The difference approximately shows the national income, 
aceming to the factory, and v/hen all factories are considered 
the aggregate difference minus depreciation of plant and 
diange in value of materials and finished goods would be a 
measure of the contribution to tlie national income of the 
industry. 

The classification of products should be tlie same as that 
of exports and imports. The employees should be classified as 
salaried persons and wage-earners, young and adult with a 
statement of the age division between the two sexes. Besides, 
details can be obtained of the amounts .and values of different 
commodities produced, and of materials bought, and of jiowcr 
used. 


The opposition, objections and difficulties which the in- 
vestigator will encounter will be great, but with the periodic 
repetition of the census they would automatically decrease. 



APPENDIX IV. 
liOGAKmiM. 

Logarithm of a giicn number to the base (ni i» t/tc 
power to which the bafe ten should be raised lo cqial Jht given 


number 


10000=10* 

Ijoganthm of 10000— 4 

1000 =10* 

„ . itioo = 3 

100 =16* 

„ , TOO = 3 

10 =10* 

.r 10 = I 

I =10* 

„ ,. I = 0 

1 =10-' 

« 1 =— * 

,01 = to-* 

.> .• 01 =*— 3 

001 ssio-* 

001 =— 3 

0001 =10“* 

,. , 0001 =— 4 


Trom the above U vsill be «e«n that the log of l is o and 
Jog of to IS I Therefore log of any number between 1 anti 
lo would be greater than aero but less than i That is it would 
be equal to od- a fraction Similarl). log of an> number between 
10 aild too IS T+ a fraaion. Thus a Joganlhm mas consist of 
two farts the iihoJe number, and the fraction The whole 
rumber part eg o or i m the above instances, is termed 
characteristic and the fractional part is Icrmed mantissa. 

To determine the characteristic of my given number, the 
following two rules should be noted 

Cl) If tKe given number is greater than one, the charac- 
teristic IS alwa)s positive and is obtained bj the formula (« — r), 
where m stands for the number of significant digits befnn* the 
decimal point 

(2) If the given number is less than one, the characteristic 
IS alwn>s negative and is obtained h) the formula (N + 1). 
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where -V stands for the number of zeroes after the decimal point 
but before an;^ significant digit. The minus sign of tht negative 
diaracteristic is written at the top of the characteristic and not 
prefixed to it. Thus, tlie characteristic of minus two is written 
as 2 and not as — 2. 

In accordance with tlic above two rules characteristics of a 
few numbers are given below; 


Number 

Value of n (rule t) 

Characteristic 

4539 

4 

3 

4S3-9 

3 

2 

45-39 

2 

I 

4-539 

I 

0 

Number 

Value of N (rule 2 ) 

Characteristic 

-4539 

0 

I 

•04539 

I 

2 

•004539 

2 

T 

.0004539 

3 

4 


Characteristic for any number can be similarly calculated. 

For calculating mantissa for different numbers, Logarithmic 
Table has to be consulted. I/igaritlimic Table giwng the man- 
tissa for any number having less than four digits is given at the end 
of this Appendix. Mantissa of the required number should be read 
out from this table irrespective of the position of the decimal. If 
the given number is composed of four or more digits, it must first 
be approximated to 3 digits. Then its mantissa should be read 
out from the table. If we are to find the logarithm of 4539 
we first approximate it to three digits. The approximation of 
454 is .6571. Therefore, logaritlim of 4539 is 3.6571. 

Two facts about mantissa should be clearly noted. Firstly, 
it is always positive irrespective of the fact whether the 
characteristic is negati'e or positive. Secondly, mantissa 
is not affected by the position of the decimal point in the 
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icgariUim of each nuinher is found out and added. 'I'he antilog 
of the sum is the required product, 

Log. (oX6)=l,og. a+Log. b 
oX^=Aiitiiog. [Log. C"t'Ix)g. i] 

The logarithm of any number a divickd b>' h is tlic difference 
of the logs, of a and b Tlicrcforc, when one number is 
divided by anotlier, the logs, of botli the numbers are found out 
and the antilog of the diffcicncc bchvctn thic two logs, gives the 
desired quotient. 

Log. ~ =I^g. n— Log b. 
b 

== Antilog. [Logfl. — IvOg./’j 
b 

The logarithm of any number raised to n'^ power is 
■>\ times the log. of that number. Therefore, when any given 
number is raised to any iwwcr, the logarithm of the given luunbcr 
is found and multiplied by the power to which the number has 
been raised. The antilog. of tlie product gives the value of the 
given number raised to the desired power. 

Log. o”=n Log. a 

a" = Antilog. [a Log. o] 

The log. of a given number to the n'^‘ root is equal to tlie 
log. of that number d^^•idcd by v Therefore, when the value 
of' any given number to any given root is desired to be obtained, 
the log. of the given number is found out. This log. is divided 
by the given root to rvhidi the given number is to be reduced. 
The antilog. of the quotient gives the value of the given number 
» educed to the desired root. 

n j 

Log. \/ a~ - — Log. a 

II 

V a-Antilog.j^ilHELiL] 



MATHEMATICAL TABLES 
INSTRUCTIONS. 


Tabic of LoBarithms — ^This tabic gives the mantissa of 
figtrces, To find the mantissa of any given number from the tabic, 
tlte aimihcr should be approximated to three digits. Mantissa 
of a number is the same regardless of the position of the decimal 
point in it. 

Tabic of Antilogarithma — This tabic gives tho anti- 
logarithms of the mantissa portion of any given logarithm. The 
position of the decimal point in the required figure should be 
on thc basis of the characteristic of the given 

iogan'thm. 

Table of Squares — ^In this table upto 516 one aero, and 
from 317 onwards two zeroes, ale omitted in each square. If 
in the gh-cn figure the decimal point moves by one digit to 
thc left, then the decimal point moves by tvo digits to the 
left in the square. 

Table of Squatre Roots — ^This tabic gives two square roots 
for each number. For odd digits in thc given number, Ac 
upper figure, and for tvin digits thc lower figure should be 
taken. If in the given number thc decimal point moves by 
rt'O digits to thc left, then thc dfcimal point moves by one 
digit to tiic left in thc square root. 

Table of Reciprocal* — If in thc given number the decimal 
paint moves by one digit to thc right, then thc decimal point 
mov'cs by one digit to thc left in thc reciprocal 
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so ri3990 I 69S8 



67 *7659 
5S s7634 
59 


61 17853 

62 1 7924 

63 1 7993 























Art I I-L.UUAK1 1 HMb 



0 1 2 3 4 5 6 


1005 1007 I 1009 1012 


1023 1026 1028 
1047 1060 1052 

1072 1074 1076 


1033 1035 1 
1057 1059 1 
1081 1084 1 


1600 1 1603 


1288 
•12 1318 
•13 1349 

‘14 1380 
•15 1413 
•16 1445 

•17 1479 
•18 1614 
;19 1549 

•20 1585 

•21 1622 
•22 1660 
■23 1698 

•24 1738 
•25 1778 
•26 1820 

•27 1862 
•28 1905 
•29 1950 


•30 1995 2000 2004 2009 2014 

•31 2042 - 2046 2051 '2056 2061 

•39 2089 2094 2099 21U4 2109 

■■33 2138 2143 2148 2153 2168 
























3a'>lj 3j35j35J,J 




36^C^ 35' 




4230 42481 t2S6 


4348455^ I 


443 & 444 ^ 46 ? 










anti-logarithms 


Ml 2 


4 5 6 7 



o -a C3t 













SQUARES 






SQUARES 





4 5 6 ^ 


41 

1681 

1689 

1697 

1706 

1714 

42 

1764 

1772 

1781 

1789 

1798 

43 

1849 

1858 

1866 

1875 

1884 

44 

1936 

1945 

1954 

1962 

1971 

45 

2025" 

2034 

2043 

2052 

2061 

46 

2116 

2125 

2134 

2144 

2253 

47 

2209 

2218 

2228 

2237 

2247 

48 

2304 

2314 

■2323 

2333 

2343 

49 

2401 

2411 

2421 

2430 

2440 

50 

2500 

2510 

2520 

2530 

2540 

51 

2601 

2611 

2621 

2632 

2642 

52 

2704 

2714 

2725 

2735 

2746 

53 

2809 

2820 

2830 

2841 

2852 

54 

2916 

2927 

2938 

2948 

2959 

55 

3925 

3036 

3047 

3058 

3069 

56 

3136 

3147 

3158 

3170 

3181 

57 

3249 

3260 

3272 

3283 

3295 

58 

3364 

8376 

3387 

3399 

3413 

59 

3481 

3493 

3505 

3516 

3528 

60 

3600 

3612 

3624 

3636 

3648 

61 

3721, 

3733 

3745 

■3758 

3770 

62 


3856 

3869 


3894 

63 

3969 

3982 

3994 

4007 

4020 

64 

4096 

4109 

4122 

4134 

4147 

65 

4225 

4238 

4251 

4264 

4277 

66 

4356 

4369 

4382 

4396 

4409 

67 

4489 

4502 

4516 

4529 

4543 

68 

4624 

4638 

4651 

4665 

4679 

69 

4761 

4775 

4789 

4802 

4816 

70 

4900 

4914 

4928 

4942 

4956 

71 

5041 

5055 

5069 

5084 

5098 

72 

5184 

5193 

5213 

5227 

6242 

73 

5329 

5344 

5358 

5373 

6388 




1989 
2070] 2079 
2162 21 


20982107 


21902200 


2256 226 
2352 236 
2450 246C 


2480 2490 


2550 2560 2570! 258112591 


2652 2663 
2756 2767 
2862 2873 


26832694 


27882798 


2970 2981 
3080 3091 
3192 3204 


30033014 


31143125 


32263238 


3306 3318 
3422 3434 3446 3457)3469 
3540 3552 3564 3576'3588 


3660 3672 3684 3697 3709 


3782 3795 3807 3819 3832 
391)6 3919 3931 39443956 
4032 4045 4058 40704083 


4160 4173 4186 41994212 
4290 4303 4316 43304343 
4422 4436 4449 44624476 


4556 4570 4583 45974610 
4692 4706 4720 47334747 
4830 4844 4858 48724886 


4970 49S4 4998 501^5027 


5112 5127 5141 5155 5170 
5256 5271 5285 53005314 
5402 5417 5432 54405461 


■ 
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SQUARES 










SQUARE ROOTS 


0 1 2 3 4 5 6 



,n 1000 1005 
3162 am 

1049 1054 
3317 3332 

1095 1100 

3464 3479 

, o 1140 1145 1149 1153 
3606 3619 3633 3647 

14 1183 1187 

3742 3755 

le 1225 1229 

“ 3873 3886 

If- 1265 .1269 1273 1277 1281 

4000 4012 4025 4037 4050 

17 1304 1308 1311 1315 1319 

4123 4135 4147 4159 4171. 



1345 1349 

4254 4266 

1382 1386 

4370 4382 


1418 1421 
4483 4494 

1453 1456 
4593 4604 


1483 1487 1490 

4690 4701 4712 

1517 1520 1523 

4796 4806 4817 


1353 1356 

4278 4290 

1389 1393 

4393 4405 


1425 1428 

4506 4517 

1459 1463 

4615 4626 


1442 1446 
45614572 

14761480 

46694680 



1549 1552 1556 1559 1562 1565 

4899 4909 4919 4930 4940 4950 



firrnra nnA f:>i« Ty>»itinTl Of thc decimfil point ttlUSt bc 














































SQUARE ROOTS 
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1 

2 

3 

4 

2027 

6411 

2030 

6419 

2032 

6427 

2036 

6434 


2059 I 2062 
6ol2 


6648 I 6656 


2161 2163 


2205 22 
6971 69 


2223 22251 2227 
7029 7036 


7106! 711 
26 


7176 718 


22982300 


23192322 


2268 2261 2263 
7141 7148 7155 


2280 2283 2285 2287 2289 

7211 7218 7225 7232 7239 

2802 2304 2307 2309 2311 

7280 7287 7294 7301 7308 

2324 2326 2328 2330 2332 

7348 7355 7362 7369 7376 

2345 2347 2349 2352 2354 

7416 7423 7430 7436 7443 : 


2366.2369 2371 2373 2375 2377 2379 2381 23832385 
7483 7490 7497 7503 7510 7517 7523| 7530 7537r7543 


















































SQUARE ROOTS 
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4 5 6 


2709 2711 

8567 8573 


7- 2720 2722 2724 2726 2728 
8602 8608 8614 8620 8626 


7= 2739 2740 2742 2744 2746 

® 8660 8666 8672 8678 8883 


2757 2769 2760 2762 

8718 8724 8729 8735 


7*7 2775 2777 2778 2780 
8775 8781 8786 8792 



2793 2795 

8832 8837 


2796 2798 2800 
8843 8849 8854 


70 2811 2812 
‘ 8B88 8894 


2814 2816 I 2818 
8899 8906 


on 2828 2830 
8944 8950 


o, 2846 2848 

9000 9008 


on 2864 2865 

9055 9061 


o, 2881 2883 

9110 9116 



2898 2900 2902 2903 2905 
9165 9171 9176 9182 9187 


2915 2917 2919 2921 2922 
9220 9226 9230 9236 9241 



2933 2934 2936 2938 2939 2941 

9274 9279 9284 9290 9295 9301 


2950 2961 2953 2955 2956 2958 

9327 9833 9388 9343 9349 9355 


2970 2972 2973 
9891 9397 9402 
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■ 

0 

1 

2 

Tb 

1333 

■1332 

1330 

TG 

1316 

1314 

1312 

ri 

1299 

1297 

1295 

7-8 

1282 

1280 

•1279 

<•9 

1266 

1264 

1263 

80 

1250 

1248 

1247 

8-1 

1235 

1233 

1232 

8‘2 

1220 

1218 

1217 

8-3 

1205 

1203 

1202 

8‘4 

1190 

1189 

1188 

8-5 

1176 

1175 

•1174 

8-6 

1163 

1161 

1160 

87 

1149 

■1148 

1147 

8‘8 

1136 

•1135 

•1134 

8-9 

1124 

•U22 

1121 

90 

nil 

1110 

1109 

91 

1099 

109S 

1096 

97 

1087 

1086 

1085 

9-S 

1075 

1074 

1073 

91 


1063 

1062 

9-5 

1053 

1052 

1050 

9-6 

1042 

1041 

1040 

97 

1031 

1030 

1029 

9‘8 

1020 

1019 

1018 

9'9 

1010 

1009 

1008 
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Abscissa axis rf. 33S 
Absolute error, B8. 

Accumcj, 41, 56 

Asgregnic expenditure method, 251. 
Aggregative weighting, 243. 

Agricultural statistics, <2 
Approximation, 61. 

Arithmetic average, 139 — 147. 

oi relatives, 234 

— — , weighted, 148—159 

Assodalion, 449. 

Averages, limitations of, 168. 

— , method o! moving, 384- 
— ol the first order, 165. 

— , typical and descriptive, 166. 

Bar diagram, 300. 

Bar Itequeocy diagram, 361. 

Base line, false. 348. 

Base shilting, 240. 

Biased errors, 59. 

Blank lorm, 47 497. 

Business activity index, 257, 285, 289 

" Capital ” Index ol Indian Ind us trial 
Activity, 280 
Census c4 production, 517- 
-.reports, 81 
Qiain base, 232. 

— relatives, 236. 

Choice of average, 167. 

measures of dispersion, 204 

questions 47. 

Circles, 315 
Classification, 94 
Coefficient, 40, 112 
— of association, 451. 

Concurrent deviations, 423. 

— — correlation, 405. 

mean deviation, 191. 

quattile deviation, 203. 

skewness, 212- 


— ' —variation, 202. 

Composite vmSt, 40. 

Correlation, assumptions ol. 420. 

— by graphic methovi, 426. 

Cost ol living index numbers, 80, 24S, 
256. 271-276. 283, 288. 

Cubes, 322. 

Data, ptim-ary and secondary, 4.1, 

— , selection ol representative, 47. 

Deefles, 135. 

Denvativ es, sabordmate, 1 10. 

— , Co-ordinate. 111. 

Devialion, mean, 191 
— , quart3e, 203. 

— , standard, 196, 

Diagrams, 294- 
Dispersion, measures of, 190- 

Econoroic barometers, 258, 475. 

Editing primary data, 56. 

—secondary data, 63. 

Expectation, 446. 

Factor reversal test, 245 
Family budget method, 252. 

Fisher’s " Ideal” formula, 244 
Fixed base method, 231, 

Fluctuations — 
cyclical, 379. 
se.asonal, 379 392 
Forecasting, 474. 

Frequency graphs, 357. 

Functions ol statisticians, 17- 

Galton’s' method ol locating the 
median, 370 
Geometric average, 159, 

of relative, 235, 238 

, weighted, 160 

Graphs d continuous lime serfc, 
337— B67. 

—on Ratio scale, 350 
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